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CHAPTER 1. INTRODUCTION 
Economists have devoted a great deal of attention to 
the study of the relationship between agricultural research 
and changes in productivity. This attention Is Justified by 
the large share of the world's population which earns Its 
livelihood from agriculture and by the central role of 
technical change in agricultural growth. This study 
focusses on the role of a particular type of agricultural 
research—crop management, or agronomic research. The term 
crop management research, which will be defined more 
carefully below, refers to research activities other than 
crop breeding. Including those related to crop husbandry, 
pest and resource management. 
Statement of Problem 
The objective of this study Is to examine the question: 
What Is (or what has been) the role of crop management 
research in inducing changes In agricultural productivity? 
The approach to be taken is empirical, relying on a case 
study to both test the validity of a new empirical methodol­
ogy and to provide an Indication of the efficiency of crop 
management research Investments In inducing productivity 
changes. Related Issues have received attention In previous 
studies but this particular question has not been addressed 
empirically. In carrying out the study two empirical Issues 
2 
will receive careful treatment. First, It will be necessary 
to clearly separate the productivity increases attributable 
to improved crop management from those of genetic improve­
ments. This has been done using several methodologies and 
with varying degrees of success In the literature.' Second, 
because these observed changes In farm productivity due to 
changes fn crop management can emanate from sources other 
than research, including farmer experimentation, education, 
and extension, care must be taken to isolate the effect on 
productivity of the public crop management research effort 
from that of these other sources. This has not been 
accomplished previously. 
Related Issues are addressed In the literature. The 
aggregate contribution of all forms of agricultural research 
and the contribution of crop breeding research programs have 
been estimated In various settings. Only two ex-post 
studies have estimated returns to specific crop management 
research projects (Martinez and Sain, 1983; Norgaard, 1988). 
Several studies have closely examined changes In produc­
tivity, relating these changes to education and extension 
(Huffman 1974, 1978; Rahm and Huffman, 1984; Jamison and 
Hook» 1984; PudasainI, 1983; Welch, 1970; Lockheed, Jamison 
'See Johnson and Gustafson, 1963; Heady and Auer, 1966; 
Guise, 1969; PerrIn and Heady, 1975; Byerlee and Helsey, 
1988; Cardwell, 1982; Fehr, 1984; SMvey, 1981; Schroder, 
Headley, and FInley, 1984. 
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and Lau, 1980). The potential value of more precise crop 
management Information has also been considered within the 
context of a single practice (Anderson, 1968, 1975; Anderson 
and Dillon, 1968; Doll, 1971, 1972; Orynan, 1977; Perrin, 
1976; Ryan and Perrin, 1974; Havllcek and Seagraves, 1962; 
Byerlee and Anderson, 1969). And finally, the literature 
that applies the Parrel1-Schmldt type of efficiency frontier 
measures to agricultural production Is Implicitly concerned 
with the relationship between crop management and produc­
tivity (All and Fllnn, 1989; Hussain, 1989). This study Is 
Intended to complement the studies which examine the returns 
to research and the effect of education and extension on 
producer efficiency. 
There are two observations that suggest that the 
relationship between crop management and agricultural 
productivity merits careful consideration. First, agronomic 
research absorbs a large share of total agricultural 
research resources of many agricultural research programs. 
A survey of rice research programs in Mexico and Central 
America by CIAT (Cuevas-Perez, Zeigler, and Sanint, 1989) 
found that cultural practice and breeding research activi­
ties absorb respectively 36 and 60 percent of human 
resources. Polanco (1989) reports that, across all commodi­
ties within the Mexican national research system, 16.5 
percent of scientists are crop breeders, 42 percent belong 
4 
to crop management disciplines, and 13.3 percent pertain to 
crop protection disciplines.^ Such an important Investment 
category deserves more careful treatment than is currently 
available In the empirical literature. 
Secondly, agricultural conditions in the Third World 
have changed drastically over the past two and a half 
decades. A characterization of having entered a post-Green 
Revolution phase of technical change is now, or soon will 
be, appropriate for large areas of the Third World. In 
these areas the environment for technical change is differ­
ent than that of the previous era (Byerlee, 1987). The 
adoption of improved physical inputs (seeds, chemical 
fertilizers, chemical pest control) has been mostly 
completed,3 and It is hypothesized that more efficient use 
of these inputs will be called upon to assume an Increased 
burden as a source of productivity growth (CIMMYT, 1989b; 
Byerlee, 1987; 1988; Herdt and Mandac, 1981). Yet, to date, 
there Is little empirical evidence on the extent to which 
ZThe crop management category Is comprised of soil 
science, water management, agronomy and productivity. Crop 
protection contains weed science, entomology, pathology and 
paras I to Iogy. 
^An estimated 62 percent of the total wheat area, and 
91 percent of the Irrigated area In the Third World is now 
sown to high-yielding varieties. The average level of 
fertilizer use for wheat for all developing countries 
(excluding China) Is 78 kg/ha, compared to a 117 kg/ha 
average for developed countries (CIMMYT, 1989a, b, c). 
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research has contributed to past Improvements In crop 
management. 
A Definition of Crop Management Research (CHR) 
Agricultural scientists divide technical progress in 
crop production Into two main components--genet1c and 
environmental (SImmonds, 1981; Anderson, Herdt, and Scoble, 
1986). The genetic component of technical change refers to 
the Introduction of higher yielding genotypes. Environ­
mental changes refer to Improvements In soil fertility, pest 
control, or changes In other nongenetic factors to allow 
expression of the full yield potential present in a given 
plant genotype. The research effort might be similarly 
partitioned between genetic, or crop breeding, and environ­
mental, or crop management research.^ As plant breeders 
combine plant material, they select those lines which do 
best in a given environment. The germplasm is essentially 
the only factor that Is manipulated to fit the target 
environment. Crop management research, on the other hand, 
must be defined rather broadly to encompass any research 
which does not Involve the modification of germplasm. In 
this study activities concerned with soil fertility, weed 
and insect control, water management, planting dates and 
methods, land preparation or other favorable environmental 
^The terms crop management and agronomic will be used 
InterchangeabI y. 
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Interventions will be taken to fall within the domain of 
crop management research. Although somewhat broad, this 
concept of crop management research conforms with that of 
previous studies^ and results in few ambiguities in the 
empirical analysis of the study. 
Baafc. applied and adaptive research 
In addition to partitioning the agricultural research 
effort between genetic and crop management research, 
positioning research on the continuum that Includes basic, 
applied and adaptive is useful.6 Basic scientific research 
Is that which is oriented towards achieving a more complete 
understanding of a given subject area, often being of a 
theoretical nature. There is little concern for immediate 
applications in commercial production and there Is no direct 
farm level impact. Some areas of basic research In agrlcul-
Sfor example, Anderson, Herdt, and Scoble (1906) refer 
to "methods and programs other than plant breeding" and 
"non-germplasm technologies" In their discussion of "crop 
husbandry and research methods" (p. 220). Sanders (1988) 
uses a similar definition. 
^A fourth category, strategic research is also referred 
to In the literature at times. Strategic research Is 
organized around a specific problem and may include basic, 
applied and adaptive components. The activities surrounding 
the biotechnology effort at CIHMYT Is one example. At 
present, the precise manner In which biotechnology will be 
put to use within the breeding programs is uncertain. 
Nonetheless, research is being directed toward both 
understanding the potential and In mastering laboratory 
techniques such as the use of DMA probes. 
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ture are plant photosynthesis, cellular genetics, and 
molecular biology. 
Applied research is concerned with the generation of 
technologies that Increase production efficiency. Applied 
research may lead to new biological, chemical or mechanical 
inputs, or to the discovery of new production procedures. 
Private firms, through their research and development 
activities for products such as machinery and herbicides, 
play an important role In applied research.? The research 
which led to the development of reduced tillage methods Is 
an example of applied research on production methods. 
Finally, adaptive research focusses on learning about 
how a given technology performs under a specific environ­
mental condition. The objective of adaptive research is to 
"generate Information to tailor available technology to 
specific locations and groups of farmers" (Byerlee and 
Tripp, 1988, p. 140), resulting In the Issuance of specific 
recommendations. A maize variety developed In central 
Mexico may be a candidate for release to farmers In highland 
?The bulk of the research effort of private firms Is 
devoted to applied and adaptive research (Echeverria, 1988, 
Crosby, 1987). Crosby (1987) reported that 85 percent of 
the expenditures of the 201 U.S. companies that he surveyed 
went to "applied and developmental" research, where 
developmental appears tu be primarily adaptive research. 
Taken along with Fray's (1987) estimate that private firms 
account for two-thirds of all agricultural research expendi­
tures In the U.S., this implies that more than half of all 
agricultural research expenditures In the U.S. are for 
private Industry applied and adaptive research. 
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areas of South America, but adaptive trials will be 
necessary to find the appropriate planting date and plant 
population for the rainfall and temperature conditions for 
each ecological zone. 
The relative Importance of the three classes of 
research differs between public crop breeding and crop 
management research program agendas. The mix will vary 
across Institutions and research systems, with some empha­
sizing either "upstream" or "downstream" research and 
accepting the role of either borrower or provider of basic 
knowledge. In general, though, crop breeding is an applied 
science. Basic research into plant physiology and genetics 
plays a vital complementary role and adaptive trials are 
necessary at some stage of germplasm development, but the 
focus of crop breeding research is on the generation of new 
technologies. The bulk of crop breeders' time is spent in 
the planning, monitoring, and analysis of trials where the 
only variable factor Is genotype. Crop management research 
programs, on the other hand would seem to be dominated by 
adaptive research® such as fertilizer, planting date, and 
plant density trials, or weed control experiments. Efforts 
to generate applied technologies occupy an important 
®Byerlee and Heisey (1907) estimate that adaptive 
research constitutes over half of all expenditures In 
Pakistan, implying that the adaptive share of crop 
management research Is well over 50 percent. 
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secondary role, such as experimentation to develop new 
planting and pest control methods. Basic research probably 
plays a relatively minor role in most crop management 
programs. 
Introduction to the Emplrfcal Setting 
The setting for the empirical analysis of this thesis 
Is the Yaqui Valley of Northwest Mexico. AM production In 
the valley takes place.under irrigation. An average of 
approximately 120,00 hectares of wheat are planted each 
year, supplying slightly more than 10 percent of Mexico's 
consumption needs. 
The Yaqui Valley Is clearly characterized as having 
entered a post-Green Revolution phase of technical change. 
It I s here that the semi-dwarf wheat varieties were 
developed and first grown commercially. Farmers in the 
valley began employing the Green Revolution package of 
Improved seed, chemical fertilizers and pesticides more than 
twenty years ago. Both input levels and yields are now 
among the highest in the Third World. To some extent the 
changes in wheat production that took place in the Yaqui 
Valley in the 1960s and early 1970s have since been 
reflected In other areas of the Third World. Having been 
the first area to go through the Green Revolution, it seems 
plausible that the valley may already have experienced some 
of the changes which will come to characterize post-Green 
10 
Revolution agriculture, making It an Intriguing candidate 
for an ex-post study of technical change. 
Agricultural research In the YaquI Valley Is conducted 
at a single research station which will be referred to by 
Its acronym In Spanish, CIANO (Centro de InvestIgaclones 
Forestales y Agropecuarlas de Sonora). The station was 
established In 1955 by CIMMYT's predecessor organization In 
Mexico, the Office of Special Studies and has served since 
that time as physical headquarters both for CIMMYT's winter 
cycle wheat breeding program and for Mexico's agricultural 
research effort in the state of Sonora. The semi-dwarf 
wheat varieties were developed at this research station, 
leading Norman Borlaug to state in 1983; "In the last 25 
years, the Cludad Obregon, Sonora experiment station has had 
more influence on food production than any other experiment 
station on the face of the earth."9 Of the approximately 30 
scientists at CIANO, approximately 40 percent have Ph.D.s 
and another 25 percent have M.S degrees. Research Is 
conducted on more than a dozen crops, with livestock 
research playing an unimportant role. 
Organization of the Study 
The study proceeds as follows. Chapter Two presents 
the analytical and empirical framework which will be used. 
SCIMMYT (1985), p. 6. 
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Chapter Three Is a brief Introduction to agriculture In the 
YaquI Valley. Chapter Four presents an estimate of the 
financial resources devoted to crop management research in 
the study area. Chapter Five details the products produced 
by the crop management research program over the period 
under consideration. Chapter Six quantifies the economic 
impact of the Innovations which were identified in the 
previous chapter. Chapter Seven brings together the cost 
and benefit estimates to present estimated Internal rates of 
return. The final chapter summarizes the findings of the 
study, attempts to generalize the results and discusses 
areas for further research. 
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CHAPTER 2. ANALYTICAL FRAMEWORK AND EMPIRICAL PROCEDURES 
Introduction 
In Chapter 1 It was suggested that agricultural 
research might be classified as either basic, applied or 
adaptive and that the relative Importance of each of these 
components Is likely to differ between crop management and 
crop breeding research programs. This difference In the mix 
between basic, applied and adaptive research has Implica­
tions for empirical measurement of the Impact of research. 
Successful applied research will result In the discovery of 
an Identifiable technology or Innovation. The diffusion of 
such products at the farm level Is relatively easily 
monitored. Dalrymple (1986)v-for example, contains Informa­
tion on the diffusion of modern wheat varieties for 42 
countries. On the other hand, the product of basic research 
Is an Increase In scientific knowledge and adaptive research 
produces additional Information about Interactions between 
technology and a specific set of environmental circum­
stances. The monitoring of the diffusion of basic and 
adaptive research results are subsequently more difficult. 
The studies that have taken up the evaluation of crop 
breeding programs have considered only the benefits accruing 
13 
to the applied research component.' This is an acceptable 
simplification, since the benefits generated by crop 
breeding research are ultimately the result of the diffusion 
of improved varieties. The failure to consider the benefits 
of adaptive research, however, would be a crucial flaw In 
the evaluation of a crop management research program. Since 
both applied and adaptive research play important roles, any 
attempt to quantify the Impact of such a program must employ 
a methodology capable of tracing the effects of not only the 
new technologies which have been generated, but also of 
improved recommendations and technical Information for 
applying specific technologies. 
Empirical procedures to identify and catalog the output 
of an adaptive research effort and to then quantify the 
level of acceptance of this information and Its value to 
farmers are not available in the existing literature. As 
part of their review of the activities of the International 
agricultural research centers, Anderson, Herdt and Scobie 
(1986) attempted to assess the contribution of the centers 
to improvement in "non-germpI asm technologies." Their 
'See, for example, Griliches (1958) for hybrid corn in 
the United States, Akino and Hayami (1975) for rice In 
Japan, Nagy (1984) for wheat and corn in Pakistan, Ardito 
Barletta (1971) for wheat and corn in Mexico, Zentner 
(1985) for wheat and rapeseed In Canada, Ayer and Schuh 
(1972) for cotton in Brazil, Hertford, Ardila, Rocha, and 
Trujillo (1977) for rice In Colombia. 
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discussion touches on some of the empirical issues that will 
be addressed in this study: 
"It is more difficult to develop estimates of the 
impact of management technology than that of 
germplasm technology. Quantitative data on the 
spread of these technologies and of their impact 
on output and productivity are seldom collected. 
In addition, the problems of attribution are even 
more difficult for many of these technologies than 
for varieties. For example, what portion of 
social benefits are attributable to centei—related 
research on integrated pest management techniques 
promoted by national extension programs?" 
A relatively large literature exists on estimating the 
potent i a I value of crop management information. These 
studies focus on the value of fertilizer response informa­
tion. The most complete treatment is contained in an 
article by Anderson and Dillon (1968) who lay out a Bayesian 
framework for assessing the expected value and variance of 
profits of fertilizer response information.^ The use of 
both posterior (ex-post) and preposterior (ex-ante) analysis 
are demonstrated for the consideration of additional trials 
of various sizes ana experimental designs. They concluded 
that more experimentation is not always better; that 
research resources must be evaluated on the same criteria as 
other agricultural inputs--the marginal value product (or 
^An extended theoretical and methodological discussion 
of Bayesian evaluation of the same type of problem Is 
contained in Drynan (1977). Byerlee and Anderson (1969) and 
Doll (1971) use a Bayesian framework to compute the value of 
additional weather information which allows more precise 
fertilizer application decisions. 
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marginal utility in the mean-variance framework) must at 
least equal the cost of the resources consumed. The factors 
determining the net value of fertilizer response trials were 
found to be (a) the amount of prior knowledge about 
response, (b) risk attitudes, (c) the size of the universe 
to which the information applies, and (d) the cost of the 
research. 
Several studies have estimated the potential increase 
in net revenue from the use of more precise response 
information within a strict expected value framework (Doll, 
1972, Anderson, 1968, 1975; Havlicek and Seagraves, 1962; 
Colwell, 1970; Ryan and Perrin, 1974). All of these studies 
compare net farm profits under farmer practices to profit 
when the estimated optimum dose is applied. The uniform 
finding from these studies is that the potential per hectare 
value of response information is generally low due to the 
smoothness of the profit surface for a relatively wide range 
of nitrogen dosages. Only when farmers are operating very 
far from the optimum does response information have a large 
value.3 Mjelde, Sonka, Dixon, and Lamb (1988) and Mjelde, 
Dixon and Sonka (1989) construct dynamic models to address a 
simiIar issue. 
^Ryan and Perrin (1974) find a value of $613 per 
hectare for potatoes in Peru. The high value results from a 
switch from a farm average fertilizer dosage of 10 kg/ha to 
400 kg/ha. 
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A common characteristic of all of the above studies of 
fertilizer information is that the dynamics of farmer 
acceptance of the experimental information Is either touched 
on only briefly or is not considered at all. All of the 
studies are ex-ante evaluations of the potential increase in 
net income expected from a switch from current practice to 
the (estimated) optimum. The realized value of the experi­
mental information, of course, is zero until it is assimi­
lated by farmers. If the additional information on fertil­
izer use does not reach the farmers, if farmers do not 
accept the research findings, or if they are for some reason 
unable to implement the recommendation, the realized value 
of the information is zero. The extent to which farmers do. 
In fact, follow recommendations derived from the experi­
mentation is not addressed in any of the studies. 
Other studies have examined the dynamics of farmers' 
adjustment to a change in the optimal level of fertilizer, 
but have not related the adjustment to research efforts 
(Huffman, 1974, 1977). Factors affecting the rate of 
adjustment to a new optima were examined. Schooling, 
extension, and farm size were found to be important in 
reducing the time of adjustment. A large number of studies 
have used other methods, often production function analysis, 
to examine the effect of education and extension on overall 
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farmer efficiency,4 but explicit consideration of the 
importance of research in developing more precise recommen­
dations was not attempted in any of the studies. 
The idea that the discovery of information about the 
use of existing material inputs may be valuable, therefore, 
is not new. But previous studies have only attempted to 
measure the potential value of this information. In this 
study I will attempt to directly relate the discovery of 
crop management information to improved farmer practices. 
The study is conducted from an ex-post perspective so the 
benefits being considered are realized, rather than 
potential, benefits. To do this it will be necessary to: a) 
examine the entire range of activities of an existing 
research program in order to identify all useful crop 
management products developed by the program, b) monitor 
farmer acceptance of the research products, and c) quantify 
both the costs and the social benefits of the research 
program. 
Approaches to the evaluation of agricultural research 
Two major approaches to ex-post measurement of the 
benefits of agricultural research have been used--the 
production function approach and the economic surplus 
^The results from several of these studies are reported 
in Lockheed, Jamison, and Lau (1980); Jamison and Lau 
(1982); and Hayami and Ruttan (1985). 
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approach. Under the production function approach, research 
expenditures are Included along with conventional factors In 
an aggregate production function specification, resulting In 
an estimate of the marginal value product of research 
expenditures. This approach has been widely used for the 
study of national systems (Grillches, 1964, Evenson, 1967, 
Bredahl and Peterson, 1976, Kahlon, Saxena, Bal, and Jha, 
1977) but requires time series data on all Inputs used and 
on total output for the study area. The data requirement of 
production function estimation places a serious limitation 
on the problem settings in which this approach can be used. 
Time-series data are seldom available at levels below the 
national aggregate, nor are input levels often available by 
commodity. This essentially limits the application of this 
approach to the estimation of the total returns to invest­
ment In agricultural research at the national level. 
The second approach that has been used to evaluate 
agricultural research Is through the use of welfare 
analysis, generally referred to as the economic surplus 
approach. Although disagreements remain on some of the 
theoretical and empirical issues related to the measurement 
of economic surplus, the absence of more acceptable alterna­
tives has led to widespread use of the economic surplus 
model for the consideration of a variety of policy ques­
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tions.5 (Just, Hueth, and Schmitz, 1982, Anderson and 
Pandey, 1985; Hertford and Schmitz, 1977). 
Under the economic surplus approach, research-induced 
technical change is modelled as causing an Increase in 
agricultural productivity, resulting In an outward shift of 
the supply curve. The resulting changes in consumers' and 
producers' surplus are quantified and then compared to the 
research costs to arrive at an Internal rate of return.6 
The economic surplus approach will be used in this study. 
Economic Surplus 
The general model 
Consumers' surplus Consumers' surplus Is the 
difference between the price a consumer pays for a product 
and the price that he would be willing to pay. Several 
Important theoretical and measurement issues concerning 
consumers' surplus remain unresolved (Hal lam, 1988, Buccola, 
1988). Nonetheless, practitioners have accepted the 
Interpretation of consumers' surplus as the area above the 
^Bengston (1985), for example, cites 28 empirical 
evaluations of public research which have used the economic 
surplus approach. 
^The internal rate of return to an investment is the 
discount rate that makes the net present worth of the 
Incremental net benefit stream equal zero (Gittlnger, 1982). 
Davis (1981) discusses the relationship between the marginal 
rate of return estimates derived from the production 
function approach and the Internal rate of return estimated 
from the economic surplus approach. 
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price line and below the compensated demand curve (area 
PQAPi in Figure 2.1). In practice, the area under the 
ordinary demand curve is often used to approximate 
consumers' surplus. For studies of agricultural commodities 
this has been Justified with the argument that for goods 
with low income elasticities and which represent low total 
expenditure shares, the substitution of ordinary for 
compensated demand estimates results In a small error 
(Hertford and Schmltz, 1977). 
Producers' surplus Producers' surplus is concept­
ualized as the difference between the price received and the 
minimum price needed to induce a producer to supply the 
good. Using the neoclassical equivalence of the firm's 
supply and marginal cost curves, the effect of a 'small' 
price change on the total surplus for a single firm is seen 
to be the area between the price lines and the supply curve? 
(area PQBAPi in Figure 2.2). With the additional assumption 
of perfectly elastic input supply, the transition from 
analysis at the individual firm level to analysis at the 
Industry level becomes direct. The Industry supply curve is 
then the sum of the long run marginal cost curves of 
7A small price change in this case is one which does 
not result in an output price which Is less than the firm's 
average variable cost since this would cause the firm to 
cease production. 
PRICE 
1 
0 
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Figure 2.1. Consumers' surplus 
PRICE 
QUANTITY 
Figure 2.2. Producers' surplus 
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individual firms. As stated by Hertford and Schmitz (1977, 
p. 152): 
"We may conclude that producers' surplus is, in fact, a 
return to the producer as well as to other fixed 
factors of production, and that there is a direct 
correspondence between the concept at the level of the 
firm and the industry when prices of variable inputs 
are invariant with respect to changes in output." 
Just, Hueth, and Schmitz (1982) present the above 
result slightly differently by showing that, under condi­
tions of perfectly elastic supply of all inputs, producer 
surplus and quasi-rent (total revenue--variab1e costs) are 
equivalent measures. It is further shown that producer 
surplus Is equivalent to consumers' surplus measured in the 
market for a basic input.® The analyst, therefore, has 
several options for the empirical estimation of the impact 
of a change occurring in the output market, especially if 
the assumption of perfectly elastic input supply can be 
maintained. The changes in producer surplus in the output 
market or the changes in consumers' surplus in the input 
market can be calculated from econometricaI I y estimated 
output supply or input demand curves, or changes in quasi-
rent can be estimated for all firms in the output market. 
This third option is likely to be important for evaluations 
of developing country research systems, since it may allow 
cross-sectional data to be substituted for time series data. 
®A basic input being an input which is essential for 
producing the final good (Just, Hueth and Schmitz, p. 68). 
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There remain unresolved issues related to the inter­
pretation and measurement of producers' surplus, but they 
are less controversial than those related to consumers' 
surplus. In applied studies the implications of the two 
thorniest issues, those of measurement of producer surplus 
under uncertainty and intertemporal aggregation of surpluses 
(Hal lam, 1988), have generally been ignored and will be in 
this study. 
A sub-national model of economic surplus 
Consumers' surplus Demand elasticity has an 
important effect on the size of consumers' surplus, with 
consumers' surplus decreasing to zero as demand becomes 
perfectly elastic. For the case of a 'small country' 
producing a traded commodity, supply shocks leave consumers' 
surplus unaffected. This depiction of unchanged consumers' 
surplus is applicable for the analysis of the research 
effort of a subnational research institution. The region 
can be assumed to be a price taker for any commodity that 
the country, as a whole participates on world markets. The 
effect of a supply shift in a single region of an importing 
country is illustrated in Figure 2.3, where the supply shift 
has the effect of reducing imports by Qs' - Qs. 
The importance of setting this analytical framework is 
that it implies that the empirical approach to the measure­
ment of economic surplus can be entirely determined on the 
Pflici 
Qs Qs '  
Figure 2.3. Effect of supply shift on 
S'  
Ln 
Q(J QUANTITY 
imports 
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basis of the data available for the measurement of 
producers' surplus. 
Producers' surplus The appropriate choice among 
which of the equivalent definitions of producers' welfare to 
measure is defined by the market setting and the data 
available for the particular problem. Where data are 
available for the econometric estimation of either output 
supply or input demand relationships, the direct calculation 
of producers' surplus may be preferred. The calculation of 
quasi-rent may be more suitable for studies in developing 
countries, especially for analysis at a regional level. At 
a sub-national level of analysis, inputs are likely to be 
available in perfectly elastic supply. Neither long time 
series of prices and quantities, nor cross-sectional data 
which contains price variation, are required for the 
calculation of quasi-rent. This Is a very large advantage 
for analyses taking place in developing country settings. 
Quasi-rent can be calculated from micro-level cost of 
production data, which are much more likely to be available 
than the appropriate price and quantity data. Such data may 
already exist or can be collected. The calculation of 
quasi-rent, therefore, provides a flexible methodology for 
use in measuring changes in economic surplus. 
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The Empirical Model 
Crop management research produces both applied tech­
nologies and new Information. The intangible nature of crop 
management information makes identification of Its produc­
tion, diffusion and Impact a more challenging proposition 
than for improved seeds. There are also many potential 
alternative sources of information on crop management, 
including input suppliers, farmer experimentation, other 
farmers, and media (print, television and radio) sources. 
Care must be taken to identify the influence that these 
outside sources have on producers' practices. The empirical 
methods for quantifying the benefits of crop management 
research must, therefore, consider issues which have not 
received attention in the studies which have examined crop 
breeding programs. Three empirical issues which are trivial 
when genetic innovations are being considered must receive 
careful treatment in this study. 
The first issue is simply recognizing the research 
product. These products will range from things as obvious 
as a new rotation to something as subtle as a new finding 
concerning the relationship between seed depth and germina­
tion. Such findings are, at some point, usually embodied in 
production recommendations that are made available to 
farmers. The recommendations may be diffused directly 
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through field days, through extension personnel or through 
technical bulletins. 
The second Issue Is that of Identifying whether or not 
the research product has been adopted by farmers. There is 
little doubt that a farmer planting a newly released wheat 
variety has benefitted from the crop breeding research 
effort. Crop management research, on the other hand, can 
result in either the discovery of totally new practices, 
such as no-till cultivation, or in incremental changes to 
existing practices, such as the identification of a change 
in the optimal dosage of nitrogen. The point of adoption of 
the first type of innovation is relatively simple to 
identify, the second is more subtle and Involves analysis of 
the evolution of farmers' practices over time. 
The third empirical Issue which must receive attention 
is that of establishing a causal link between the research 
effort and the adoption of the new (or modified) management 
practice. The planting of a newly released wheat variety 
serves as both necessary and sufficient condition for 
assuming an Impact from the crop breeding effort. It Is not 
necessary to allow for the possibility that the farmer has 
developed the new variety on his own. When the research 
product, however, Is more precise Information on chemical 
fertilizer use, it is conceivable that the Information has 
come to the farmer from sources outside of the research 
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system or that he or she has developed It Independent of the 
public research effort. 
The logical framework 
The above considerations suggest a logical framework 
for quantifying the benefits of a CMR research program. The 
problem can be reduced to the answering of four Important 
questions. 
1) What have been the products of the crop management 
research program? 
2) How have farmers changed their management 
practI ces ? 
3) Which of the changes In farm practices are the 
result of new research findings and which were 
induced by other factors? 
4) How have the changes in practices effected farm 
profitabiIity? 
As a further aid in organizing the analysis, the 
management of any crop can be reduced to a number of 
separate practices which determine the final production 
outcome. For example, in wheat production a farmer must 
decide when to plant, how much seed per hectare to use, what 
weed control strategies to use, etc. The crop management 
research effort might be ordered along similar lines. 
Consideration of the above four questions on a practice by 
practice basis then provides the framework for relating the 
crop management research effort to changes In quasi-rent. 
This framework does not suggest that, during a given 
study period, active research takes place In each practice 
area. Scientists and program directors will choose to 
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concentrate research on those practice areas which they feel 
are most Important, or In which they feel better Information 
Is most needed, or which most match their scientific 
resources. The potential for new research exists In each 
practice area. The fact that some practice areas are 
Ignored, with recommended best management practices remain­
ing unchanged for long periods of time, simply acknowledges 
the fact that limited research resources must be allocated 
among competing problem areas. The advantage of this method 
of organizing the analysis Is that it reduces the risk of 
overlooking a significant research finding. 
The questions can be restated as four necessary condi­
tions to provide a more precise analytical framework. These 
four conditions must hold for research within a given 
practice area to be linked to an increase in producer 
surp1 us. 
1) Research expenditures must have led to the 
discovery of an improved management practice which 
is embodied In a new recommended practice Issued to 
farmers. 
2) Farmers must have modified their management 
practice in a manner consistent with the new 
recommendatI on. 
3) There Is evidence of causality between the change 
in practice and the change In recommendation. 
4) The new practice has a measurable Impact on 
variable profit. 
Since the above represent necessary conditions, they 
can be considered sequentially, with the failure of any of 
the conditions Implying that an economic value of zero can 
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be assigned to research conducted on that practice. This 
implies that ft is only after the first three of these 
conditions have been satisfied that the more difficult task 
of calculating the net output effect of the modified 
practice need be tackled. The final step in determining the 
total benefit of a crop management program Is to sum the 
changes in quasi-rent accruing within each of the practice 
areas of the research program. 
There are two caveats to be mentioned about the 
methodology, each of which applies equally to previous 
studies of genetic research. First, the criteria which has 
been established assigns a value only to applied and 
adaptive research and places no value on basic research--
only research leading to new practices is even considered. 
This is not felt to be a particularly damaging shortcoming 
as basic research knowledge is ultimately embodied in either 
applied or adaptive research findings, albeit with some lag. 
Secondly, maintenance research is implicitly assigned a zero 
value. Consider for example, trials conducted to monitor 
insect resistance to common insecticides. Such trials are 
an integral component of any research program in integrated 
pest management (IPH). If the trials find that current 
chemicals remain effective, the recommendation remains 
unchanged and the research is assigned a zero value in an 
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ex-post study.9 Both of these limitations of the method­
ology will tend to underestimate the value of the CMR 
program. Each of the conditions will now be discussed. 
Identification o f  research products 
As indicated above, the identification of research 
products will be done through the examination of changes in 
published crop management recommendations. For research to 
generate any benefits, it must at some point pass through to 
become a recommendation that is released to producers. 
Published recommendations should embody the applicable crop 
management knowledge of researchers at the time of publica­
tion. 
There are two potential problems related to relying on 
the published recommendations as the only indicator of the 
impact of crop management research on farmers' practices. 
First, research may generate useful new Information which 
can not be effectively diffused in a general distribution 
guide. For example, entomological research findings may be 
distributed directly to extension personnel who may, in 
turn, influence farmers' use of insecticides. 
^The analogous situation for plant breeding research 
would be in assigning a value to research which leads to the 
release of a variety which is more disease resistant, but of 
equal yield potential. Past studies have implicitly 
assigned such research a zero value. 
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Secondly, farmers may be changing their practices in 
the same direction as suggested by the new recommendation 
but independently of the changes In published recommenda­
tions. This would be the case where researchers observe a 
new practice by an innovative farmer, mount a validation 
trial of the new technology, and then release the new 
recommendation which now has scientific justification. In 
the meantime the innovative farmer's neighbors are adopting 
the new technology based on his experiences. Ex-post it 
would be difficult to attribute an observed change in 
practices to either the Innovative farmer or to the research 
institute. It Is not felt that either of these problems is 
serious for the specific case to be examined here. 
Changes in producer practices 
Identification of changes In farmers' practices can be 
done through statistical analysis of farm survey Informa­
tion. Information on the practices used at two points in 
time is needed. Information on practices employed at the 
end of the period of interest can be collected through a 
survey of farmers. The baseline information to which this 
Information must be compared can come from an earlier survey 
of the same population of farmers, or when such Information 
is not available, can be collected through retrospective 
questioning of farmers. Retrospective questioning has the 
disadvantage that farmers may not remember precise quanti-
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ties, dates, and products. This indicates that retrospec­
tive questioning may not be satisfactory for consideration 
of the full range of management practices, but nonetheless 
may be the only option for many studies. 
Even in a relatively homogenous environment farmers do 
not employ identical crop management practices, nor do they 
assimilate research results in unison. Therefore some 
practices, such as seeding density, which take on cont inuous 
values must be analyzed by considering the summary 
statistics which characterize the distribution of values at 
each point in time. Other practices, such as the adoption 
of a new planting method, can only take on values of zero or 
one, so can be analyzed by comparing the proportion of 
farmers adopting the practice at each point in time. 
Continuous variables The hypotheses to be tested 
are related to whether farmers are employing the same 
practices at the end of the observation period as at the 
beginning. For continuous variables there are two 
approaches which might be considered to test for such 
changes in the distribution of practices. The first 
approach relies on tests of equality of the sample moments. 
Such tests rely on normal distribution theory, assuming 
either that the samples come from normal populations or that 
they are large enough to justify the use of normal approxi­
mations (Freund and Wa1poIe,1987). The second approach 
35 
involves the use of nonparametrIc or distribution free 
methods. Nonparametric methods allow the testing of very 
general hypotheses based upon order statistics'^ rather than 
sample moments (Mood, Grayblll and Goes, 1974). 
The choice between parametric and non-parametric 
hypothesis testing depends on beliefs about the distribution 
of the variable under consideration. If the samples of 
practices are drawn from a density that is reasonably close 
to being normal, then moment-based tests perform well. If, 
however, there is reason to suspect that the process 
generating the observed practices results In something other 
than a normal density, such test statistics will not be 
strictly valid. 
There are practices for which the tests for changes In 
the distribution of practices using sample observations are 
not completely satisfactory. Most practices are only weakly 
conditioned by stochastic events. For example, nitrogen 
level and seeding rate are decisions that, once made, are 
unlikely to be changed by weather events. Practices such as 
planting date and the application of insecticides, on the 
other hand, are strongly conditioned by weather events. The 
implication of this is that the separation of differences in 
l^The ith order statistic, Y{i), is the value of the 
Ith observation of a sample when the sample has been 
arranged in order from the lowest to highest value, i.e., 
Y(l)=min(X|, X2, ••• Xp) and Y(n)=max(x|, X2, ... Xn). 
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the parameters of the distributions due to new research 
results from changes due to weather conditions will be 
tentât Ive. 
Proportions For discrete practices, chi-square 
tests for changes over time In relative frequency of the 
outcome of interest can be used. This test would be used, 
for example, to test the hypothesis that the proportion of 
farmers that apply lime has increased over time. 
Causalttv 
As with other aspects of an empirical investigation, 
the form to be used to examine causal relationships must be 
Influenced by both the structure of the problem and by data 
availability. Where a well defined problem and correspond­
ing data exist, a formal model can be constructed and the 
proposed causal relationship can be tested statistically. 
Among economists various forms of the bivarlate time series 
test developed by Granger (1969) have received considerable 
recent attention (Sims, 1972; Bessler and Brandt, 1982; 
Chowdhury, 1987). For other problems the establishment of 
causality must be done less formally through the accumula­
tion of evidence that either supports the hypothesized 
causal relationship or which leads to a rejection of the 
I ink. 
The problem of establishing a causal link between 
research and changes in producer practice is not easily made 
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to conform to formal statistical testing. The problem is 
more naturally constructed as one in which evidence might be 
accumulated and less formal criteria used to construct a 
simple decision rule. Heuristic minimum conditions can be 
established: a) the recommended practice and producer 
practice should have changed In the same manner during the 
study period, b) dissemination of the research must have 
preceded the change in farmers' practice c) it seems 
'unlikely' that producers could develop the change in 
practice without the benefit of formal research. The 
criteria are somewhat subjective so the judgement of the 
analyst is Important in arriving at a final conclusion. 
Changes in quasi-rent 
The objective of crop management research Is to provide 
producers with technologies or knowledge which allow them to 
increase their net farm income. From the societal perspec­
tive economic surplus, or quasi-rent, is generated since 
fewer inputs are required per unit of output. The final 
step In the empirical examination of the benefits of crop 
management research is to quantify the impact that research 
in each functional area has had on quasi-rent. Once these 
values have been calculated, an indicator of research 
efficiency can be derived by summing the discounted benefit 
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streams of all of the Innovations'' which have been 
generated and comparing this sum to the total cost of the 
research effort.'2 That is, the total quasi-rent generated 
by CNR can be calculated as: 
QR = Z; Zt QRit (2.1) 
where QR;t i s the quasi-rent generated by innovation i in 
year t and • is the appropriate discount rate. 
The annual total value of a given innovation is the 
product of the per hectare impact times the area over which 
the innovation is employed. 
QRj-t = AIIî kft At (2.2) 
QRft = total producers' surplus generated by innovation 
i in year t 
AIT} = per hectare change in variable profit from the 
use of innovation i in year t 
kit = percent of producers employing innovation i in 
year t 
At = total harvested area in year t 
Farm survey data can be used to estimate the values of 
AH;, k;t' and At. It can often be assumed that All ; is not 
time dependent. The percent of farmers adopting the 
innovation and total area are likely to vary over time, 
however. The calculation of AJIjt will be discussed next. 
''The term innovation will be taken to refer to any 
change in practice which has been induced by research -
either a new technology or to a change fn the level of input 
appli ed. 
'Zthe moment the effects of the changes in practices 
are assumed to be additive, with no Interaction. 
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followed by a discussion of p r o c e d u r e s  used to estimate kjt 
and At-
Measuring quasi-rent There are two options for 
calculating the per hectare impact of a given innovation -
partial budgeting and yield, or response function estima­
tion. Both methods have been widely used by agricultural 
economists. Partial budgeting is a non-statistical method 
for comparing the costs and benefits of a particular 
technology.13 Technical information from controlled 
experiments, as well as from farm surveys can be used to 
estimate the impact of new technologies on net farm income 
(CIMMYT, 1989c). Problems can arise if technologies perform 
differently on-farm and in trials (Davidson and Martin, 
1965), so information from farmer managed verification trial 
information can be valuable. 
Response functions use regression techniques to 
estimate the relationship between output and inputs employed 
(Dillon, 1977). The major advantage of the response 
function approach Is that it allows the individual effect of 
production factors to be isolated more precisely than does 
partial budgeting. A further advantage is that the data 
used to estimate the production relationships are taken from 
'^See Ryan and Perrin (1974) for the use of partial 
budgeting for calculating the value of a new fertilizer 
recommendation, Hertford, Ardila, Rocha and Trujillo (1977) 
for the value of a change in rice varieties. 
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farmers themselves, rather than from controlled experiments. 
Suspected interactions among technologies and inputs can 
also be tested statistically. Disadvantages of the response 
function approach include the large amount of data required 
for implementation and the potential for ambiguous statisti­
cal results caused by problems such as multicollinearity 
among inputs, or measurement errors in available data. 
Using response function estimation, the effect of a 
given innovation on net farm income would be examined 
through the specification of a relationship such as 2.3. 
Yk = f( Xk, Zk, Ik. 8) + fk (2.3) 
where : 
Yk = per hectare output of producer k 
Xk = vector of variable input levels 
Zk = vector of environmental factors 
Ik = vector of crop management practices 
= vector of coefficients to be estimated 
fk = random error term 
Equation 2.3 poses per hectare production as a function 
of conventional inputs, environmental factors (such as 
weather, education, extension) and specific innovations or 
management practices. If all variable inputs are included 
in the Xk vector, the impact of the adoption of innovation i 
on output, holding all other inputs unchanged is give by the 
partial derivative of yield with respect to the innovation 
(equat i on 2.4). 
An,- = (6Tk/6Ii) P (2.4) 
where P = output price. 
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Again, the choice of analytical technique Is ultimately 
guided by data availability. Response function estimation 
is preferred to partial budgeting when available data are 
free from problems such as multicollinearity among inputs 
and measurement errors. In other cases, especially when 
Information from farmer managed trials is available, partial 
budgets can provide reliable information. 
Aggregate adoption Estimates of the cumulative 
adoption of each Innovation (k;t) are also needed to 
calculate the total change in quasi-rent. Innovations are 
generally modeled as following an S-shaped cumulative 
adoption path through time (Feder, Just, and Zilberman, 
1985). This diffusion curve is composed of three stages. 
The rate of adoption grows slowly during the first few years 
of diffusion, climbs steeply during the middle years and 
finally attains a ceiling level of adoption, remaining at 
this upper bound until the Innovation becomes obsolete. An 
accurate accounting of the total surplus generated by an 
Innovation must include the value of future benefit streams. 
This requires that the full path of diffusion curve of each 
innovation be estimated. 
It is unlikely that cumulative adoption figures will 
exist for each year in the life of each crop management 
innovation. Historical adoption information can be 
collected through the use of retrospective questioning of a 
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representative sample of producers. By asking farmers two 
questions about each innovâtion--in what year they began 
farming, and in what year they began using the innovâtion--
the full diffusion path can be traced. For example. If a 
survey of 150 producers conducted In 1989 finds that 100 
began farming In 1983 or before, and that 15 of them were 
using aerial spraying for Insect control In 1983, the 
cumulative adoption for 1983 is simply 15 percent. For 
Innovations which have not yet attained their celling 
diffusion level, this retrospective information can also be 
used to estimate the parameters of a logistic equation (2.5) 
which can be used to predict future diffusion.'^ When 
transformed (equation 2.6), the S-shaped diffusion path can 
be estimated by OLS. 
St = C / (1+exp(-a-bt)) (2.5) 
log ((St /(C-St)) = a + bt (2.6) 
where : 
St = percent of farmers using the innovation in year t 
C = assumed celling level of diffusion 
b = rate of adoption 
a = constant term 
Total harvested area The total harvested area (At) 
Is the final parameter that enters Into the calculation of 
the total change in quasi-rent. Reported official figures 
I^GIIiches, 1957 and Dixon, 1980 discuss the estimation 
of cumulative diffusion curves more fully. Jarvis (1981) 
Illustrates the use of an estimated logistic curve for 
projection of future adoption. 
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are usually available for years up to the present, but area 
must be projected for future y e a r s .  Structural e c o n o m e t r i c  
and time series models are each widely used for forecasting 
economic variables. Forecasts of any variables of a 
structural econometric model require estimates of future 
values of all variables in the model. The construction of 
such a model will generally be beyond the reach of evalua­
tions of agricultural research. Time series models, on the 
other hand generate future values using only past values of 
the variable of interest, making them less time consuming to 
construct, yet often forecasting as well as the more 
complicated structural models (Judge, Griffiths, Hill, 
LUtkepohl, and Lee, 1985). Previous evaluations of the 
returns to agricultural research have used either arbitrary 
"conservative" assumptions to develop projections (Ayer and 
Schuh, 1972; Hertford, Ardila, Rocha, and Trujillo, 1977; 
Ardito Barletta, 1971) or have used an average figure from 
past years (Griliches, 1958). 
Costs of Technology Generation and Transfer 
Computing the costs of CMR 
The calculation of the costs of crop management 
research requires expenditure information that is unlikely 
to conform to normal accounting categories. This is 
particularly true if only a single crop is being examined. 
Research institutions are likely to report expenditures 
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either by commodity or by discipline, but only rarely would 
one expect to find costs allocated by crop and discipline.'^ 
What other information might be used to supplement 
accounting data In making cost allocations? The best source 
would seem to be information on experiments performed. Many 
experiment stations publish some type of annual summary of 
scientific activity, containing abstracts, or at least 
titles, of research projects which were funded during the 
year. Such information can be used to identify experiments 
which pertain to management of the crop of interest. This 
information on experiments performed can then be used to 
apportion crop management expenditures both from discipli­
nary and from commodity accounting categories. If, for 
example, the entomology program budget is known and it is 
further known that of the 10 research projects undertaken by 
the program, 6 pertained to Insect control in maize and 4 to 
wheat, the program's expenditures would then be allocated on 
a 60-40 basis. Similarly, a wheat program reporting 5 
germplasm development projects, 3 on weed control, and 2 
projects concerned with plant spacing, would allocate the 
budget on a 50-50 basis between wheat genetic and wheat CMR 
'^An accounting category, for example, might exist 
which records annual expenditures by the entomology program. 
It Is also possible that expenditures for wheat research are 
registered. One would not expect to find an accounting 
category that includes only "wheat entomology" research 
expend i tures. 
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research. Overhead costs could be allocated to wheat CMR 
either on the basis of the share of total experiments or the 
share of the total allocated operation budget. 
Costs of technology transfer 
It is generally recognized that research and extension 
are highly complementary activities. In the absence of a 
research system capable of generating more productive 
technologies, the value of extension activity is very low. 
The amount of surplus generated by a given research invest­
ment is also strongly conditioned by the intensity of the 
accompanying extension effort. Technical assistance is an 
even more complementary activity for the adoption and 
successful use of improved crop management techniques than 
it is for germplasm technologies. Given this strong link 
between research and extension, the presentation of an 
estimate of the returns to research without accounting for 
the intensity of extension assistance would be misleading, 
the calculation of a combined estimate of the return to the 
full technology generation and transfer effort is more 
appropr i ate. 
There are several approaches to placing a value on 
extension efforts. The most obvious approach is to collect 
information on total expenditures by the public extension 
system. This approach runs Into problems when research and 
extension systems are responsible for different geographical 
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areas or when private technical assistance plays an 
Important role. A feasible alternative when private 
technical assistance exists Is to use the private fee as the 
Imputed value of extension assistance and to use this value 
to weight the quantity of both private and public system 
contacts. 
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CHAPTER 3. THE YAQUI VALLEY OF SONORA. MEXICO 
Introduction 
The setting for the empirical analysis of this study Is 
the Yaqul Valley of northwest Mexico. In this chapter 
agriculture In the Yaqul Valley Is the briefly described. 
The evolution of on-farm and experiment station yields are 
then reviewed. Finally the survey Instrument upon which 
much of the later analysis Is based Is described. 
Agricultural Production In the Yaqul Valley 
General 
The Yaqul Valley Is located 1,200 miles northwest of 
Mexico City on the arid coastal plain of the state of 
Sonora. It Is a relatively homogenous agricultural area of 
230,000 irrigated hectares of farmland. Heavy public 
Investment has provided the valley with an excellent 
Irrigation and road network. Producers are also well served 
by suppliers of seeds, chemicals, credit and machinery and 
labor services, causing agriculture to more closely resemble 
that of California or Arizona than the more traditional 
areas of Mexico. 
Wheat Is planted on average of 120,000 hectares each 
year, and accounts for some 40 percent of the total value of 
agricultural production In the Yaqul Valley. The valley 
supplies slightly more than 10 percent of all wheat consumed 
nationally. Cotton, sorghum, corn, safflower, and soybeans 
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are the other Important crops In the valley and the 
production of fresh vegetables for export has been Increas­
ing rapidly. Wheat Is generally grown In either wheat-
soybean, wheat-malze-cotton, or a wheat-fallow rotation. 
New wheat varieties are released by CIANO every year, 
so that In most years producers have ten or more varieties 
to choose from. The production of durum wheats has 
Increased rapidly due to the recent development of durum 
varieties that are both higher yielding and more resistant 
to certain diseases than existing bread wheats. The 
government has attempted to discourage the production of 
durum wheat by offering a ten percent lower guaranteed price 
for durum than for bread wheat. 
Most of the wheat which Is produced In the valley Is 
marketed through the government marketing agency, CONASUPO, 
at a guaranteed price. Until recently when a system of 
import licensing was Implemented, CONASUPO was also the sole 
Importer of wheat Into Mexico. Although the government Is 
heavily Involved In both the purchase of output and the 
provision of Inputs, the net effect of these Interventions 
on wheat has been modest. For the period from 1975-1985, 
the effective protection coefficient has varied between 0.7 
to 1.2 (RIvas, 1989). The average national producer subsidy 
equivalent for 1982-1985 was 19 percent (Martin, 1989). 
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Wheat production is a mechanized, high input activity 
In the Yaqui Valley. The public agricultural bank's 
standard credit plan for 1989 suggested an Investment of 
nearly $US 500 per hectare. A harvest of three tons of 
wheat were required to repay this investment.' 
Among producers surveyed in 1989, an average of 7 
mechanical operations were performed to prepare land for 
planting. All but one producer planted purchased seed and 
all applied chemical fertilizers. At 270 nutrient kg/ha, 
the average level of fertilizer application is more than 
three times that of wheat producers in United States 
(CIMMYT, 1989a). The use of chemical pesticides is wide­
spread, often applied aerially. Fifty-five percent of 
surveyed producers applied herbicide, and approximately an 
equal percentage applied Insecticides. More than 70 percent 
of farmers performed hand weeding on their wheat crop. 
Producers provide only a small proportion of their own 
manual labor since unskilled farm labor Is readily available 
and relatively cheap.% Nearly all of the operation of farm 
machinery, irrigation, and hand weeding Is done by hired 
labor, even by producers with relatively small landholdings. 
^Thls Is approximately 45 bushels per acre. 
^Unskilled labor was available in 1989 at a dally wage of 
approximately 10,000 pesos ($US4.00). 
50 
Land tenure 
Two land tenure systems exist In Mexico - the el I do 
sytem, which Is composed of Individual and collective 
el I dos ; and the private tenure system. The eIIdo system of 
land tenure is a unique and Important feature of Mexican 
agriculture. Beginning in 1915, el I do lands have been 
created through land reform programs. Under the reforms, 
land has been expropriated from large landholders and 
redistributed to rural communities. The government retains 
title to the land, but grants the e.l I datar I os the right to 
farm the parcel and to pass this right on to heirs. 
E.l I datar i OS are officially prohibited from selling or 
renting their parcels, but renting is common.3 
In the YaquI Valley e.l I do lands have been established 
as collectives, but with the exception of the e.l i dos created 
In 1976, have now been legally distributed among the members 
of the e.l I do to be run Individually (Serafln, 1979). Even 
the collectives which were created in 1976 have begun to 
fracture Into smaller "grupos de trabajo". The collectives 
that remain in the YaquI Valley are 100-600 hectares In 
size, with an average holding of 5 hectares per member. The 
individual e.l I datar I os range In size from 10 to 30 hectares. 
^Alcantara estimated that some 60 percent of ejido land 
Is rented, but the 10-20 percent suggested by Byerlee and 
Flores seems to be a more reasonable figure. 
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The three classes of producers In the YaquI Valley 
(Individual el I dos. collective el I dos and private land­
owners) differ In sources of credit, education, and In 
access to machinery services and technical assistance. 
Because of their small size, the Individual e.lldatarlos are 
disadvantaged In each of these areas. These el I do 
Indlvlduales must rely on the less efficient public 
Institutions for production credit and all mechanical field 
operations are done by hired equipment. The private 
landowners and collectives have much greater access to 
capital and own their own tractors, combines, and field 
equipment. The private landowners are more educated than 
either the collective or Individual elIdatarlos. although 
this advantage Is offset somewhat In the case of the 
collectives through the use of professional farm managers. 
Education and extension 
The distribution of years of schooling among producers 
In the valley Is unusual (Figure 3.1). Information from the 
1989 survey Indicates that 35 percent of farmers had less 
than three years of formal education. At the other extreme, 
nearly 20 percent of farmers had graduated from university. 
Private land owners tend to be more educated than the 
eJ IdItatarlos. 
Extension advice Is readily available from several 
sources. Public extension service Is provided by the 
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YEARS OF SCHOOLING 
Figure 3.1. Distribution of years of schooling 
NUMBER OF VISITS PER MONTH 
Figure 3.2. Distribution of extension contacts per month 
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Secretary of Agriculture, the EJIdo Union and the agricul­
tural credit bank. Extension service is also available from 
the credit unions and from private consultants, who work on 
a per hectare fee basis. During the 1989 wheat season, 80 
percent of surveyed producers received at least one exten­
sion contact per month, and 65 percent had one or more 
contacts per week (Figure 3.2). The collective ejidos had 
private landholders. 
Productivity changes In wheat production 
Average fa rm yields Average wheat yields in  the 
Yaqui Valley are among the highest in the world, averaging 
5,100 kg/ha (76 bu/acre). This is more than twice the 
average yield of wheat farmers In the United States. The 
Increases that have occurred in land productivity over the 
past 36 years are Impressive. Figure 3.3 shows three year 
moving average yields for the Yaqui Valley and for one of 
the highest yielding districts of the Indian Punjab, 
Ludhiana District. Fitting a simple linear spline function^ 
to the yield data for 1951-1988 indicates that up to 1978 
yields were increasing at an average rate of 129 kg/ha, and 
at a rate of 57 kg/ha since that time. That is, the 3 
^The OLS fitted equation is: 
Yt = 1124 + 129.28 t - 72.32 w 
( 1 6 . 1 )  ( 2 . 6 )  
w = 0 If t < 1978 
w = t-1977 If t 1 1978 
The numbers in parentheses are t-values. r2 = .929 
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Figure 3.3. Three year moving average wheat yields 
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percent annual rate of Increase of the Green Revolution 
period has slowed to 1 percent In the post-green revolution. 
Expertwent station yields Yields under controlled 
experimental conditions have been used as an Indicator of 
genetic yield potential (PIngall, Pledad and Lourdes, 1989? 
Herdt, 1988; Brennon, 1984). Examination of the behavior of 
experimental yields over time, therefore, can be useful in 
understanding the contribution of crop breeding research to 
farm level yield performance. Figure 3.4 traces the 
evolution of experiment station yields since 1967 for the 
Yaqui Valley and for Ludhiana. These data come from yield 
trials conducted at the CIANO research station In the Yaqui 
Valley and at Punjab Agricultural University (PAU) in 
Ludhiana. For the Yaqui Valley, they represent the yield of 
the commercially available variety (durum or bread wheat) 
that performed best In that years' International Spring 
Wheat Nursery trials. The Ludhiana yields are those of the 
highest yielding variety in the university's trials. 
The absence of a positive trend in either data series 
over this 20 year period Is striking, but must be inter­
preted with caution. There has been some discussion^ of the 
decline In the quality of the CIANO experiment station 
fields due to soil compaction, falling levels of organic 
^Personal communication with Ken Sayre, CIMHYT agronom­
ist; and Jesus Martinez Santana, CIANO wheat breeder. 
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Figure 3.4. Experiment station yields 1967-1988 
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matter, micro-nutrfent deficiencies or other effects of 
long-term Intensive use of the research station. Furthei— 
more, it is possible that changes have occurred In the way 
that the trials are managed.6 Unless the effect of these 
phenomena can be quantified, conclusions about the rate of 
experimental yield Improvement must be somewhat tentative. 
For the YaquI Valley, It seems most likely thmt some change 
In trial management occurred around 1978. Yields differ 
before and after 1978, but there Is no trend for either of 
the periods. The trend in Ludhiana is different, with the 
steady decrease In yields probably indicating that the 
resource base has been seriously eroded since 1979. It can 
be concluded, therefore, that the rate of Increase in yield 
potential In recent years In both the YaquI Valley and 
Ludhiana District has been modest. It can not be ruled out 
that yield potential has been Increasing gradually, but If 
in fact there have been increases, they have been offset by 
the degradation of the experiment station resource base. 
The data from Figures 3.3 and 3.4 can be used to 
construct a series expressing average farm yields as a 
percentage of experiment station yields (Figure 3.5). These 
^For example, if border rows, which face less 
competition for soil nutrients, are harvested in trials, 
average yields will be higher than In trials in which only 
interior rows are harvested. Unfortunately information on 
trial management Is not available for either CIANO or PAU 
trials. 
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series must be Interpreted with caution because of the 
caveats mentioned about the experimental yield data. This 
ratio fluctuated around 55 percent for the period from the 
late 1960s through the late 1970s for both areas. Since 
1980, however, the ratios have risen by nearly 20 percent. 
These data suggest that crop breeding efforts have 
contributed relatively little to the generation of producer 
surplus In recent years. The Increases In farm yields that 
have occurred have come from other sources. Yield Increases 
can be obtained through the use of higher Input levels, 
leaving producer surplus unchanged. Analysis of yields, 
therefore, has a limited economic Interpretation. 
Farm Survey Information 
Information on wheat cultivation practices used In this 
study comes from a series of farm surveys conducted by the 
CIMMYT economics program. Prior to the survey which 1 
conducted during the 1989 growing season, surveys had been 
executed In 1981, 1982, and 1987. A two stage sampling 
procedure was used to select 100 farmers for the Initial 
survey In 1981 (Byerlee and Flores, 1981). In the first 
stage Irrigation blocks were randomly selected.? In the 
second stage, the first farmers (up to a maximum of five) to 
be located within the selected blocks were Interviewed. The 
?Each block contains 40 lots of 10 hectares each. 
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Figure 3.5. Three year moving average ratio of farm to experiment 
station yields 
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same farmers were contacted In 1982, but the elimination of 
farmers planting crops other than wheat left 78 cases with 
reliable wheat production Information. For the 1987 survey, 
a subsample of 41 of the farmers Interviewed In 1981 was 
randomly selected. In 1989, an effort was made to contact 
all of the original farmers, replacing those not planting 
wheat with farmers operating adjoining parcels or with 
farmers from 3 additional randomly selected Irrigation 
blocks In order to maintain a sample size of approximately 
1 0 0 .  
The basic unit of analysis is the Individual field, 
which range in size from 3 to 60 hectares. All information 
was collected by direct questioning of farmers. The surveys 
conducted prior to 1989 contain detailed Information on 
production practices, but do not contain Information on 
education, extension contact, or sources of technical 
Information. Information on these variables was collected 
during the 1989 survey and to the extent that sample farmers 
overlap, can be applied to previous surveys. 
Comparison of sample characteristics 
with official statistics 
The sample was randomly selected to allow Inferences to 
be drawn about the population of farmers In the valley. 
Comparison of sample characteristics with characteristics of 
the general population of farmers can be used to give a 
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general Idea of how well the two groups correspond. Such 
comparisons can give only a general Idea of sample perform­
ance, however, because of differences In the ways In which 
the survey and official data are collected, and because of 
the possibility that official statistics may not themselves 
be accurate. The Ministry of Agriculture (SARH) publishes 
official statistics for the valley on average yields, 
percentages of area sown to each wheat variety and on 
average holding by tenure class. 
Wheat area bv variety Information on area planted 
to each wheat variety is published by the SARH shortly after 
planting time each year. This Information fs collected 
through the water permits that are issued to farmers one to 
two months before planting time. At that time farmers must 
declare the variety that they Intend to plant. Farmers may 
plant other than the intended variety for a number of 
reasons, however, Including seed availability. In 1989, for 
example, heavy rains during planting time caused many 
farmers to replant with different varieties than they had 
used in the first planting. The fact that varietal Informa­
tion Is based on intended rather than on realized varietal 
selection means that the SARH figures are only approxima­
tions of the true pattern of varieties planted In the 
valley. 
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The varietal pattern of surveyed farmers closely 
matches official estimates In 1981 and 1982 (Table 3.1). In 
1987 and 1989 the difference between survey farmer and 
official patterns are larger, especially In the area planted 
to the leading durum variety. Altar. In 1987 the total area 
planted to durum varieties (Altar and Yavaros) in the sample 
and SARH are nearly equal (43% vs. 47$). In 1989 the total 
area planted to the two most popular varieties is nearly 
equal (70% vs. 72%). The area planted to the durum variety 
(Altar) Is much higher than the that of the bread wheat 
variety (Opata) among sampled farmers, while the reverse Is 
indicated by the official figures. 
Average yields The average yields of sample farmers 
and the published averages for the valley agree quite well 
for the 1987 and 1989 samples, not so well for the 1981 
sample.® In 1981 SARH and sample averages were 4403 and 
4748 kg/ha, a difference of 7 percent. In 1987 they were 
5658 and 5825 kg/ha, a difference of less than 3 percent. 
Official average yields are not available for 1989, but the 
sample average 4967 kg/ha conforms closely with unofficial 
estimates of CIANO personnel. 
®In 1981 the yields of sampled farmers were estimated 
by field observation before harvest. Since there is some 
question about the accuracy of these estimates, only the 
1987 and 1989 survey yields are analyzed In the remainder of 
the study. Yields were not collected in 1982. 
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Table 3.1. Percentage of area by variety - YaquI Valley^ 
Variety Official , Survey 
1981 
1982 
19871 
19891 
Nacozar1 5 9 %  5 4 %  
HexIcall 1 8  1 8  
Pavon 6  9  
Ciano 5  3  
Pima 5  3  
Torim 3  3  
Imur1 s 1  2  
Tes 1 a 1  6  
Others 2  2  
CI ano 4 9 %  5 3 %  
Yavaros 1  1  1 9  
HexIcall 1  1  1 0  
Tes la 1 0  5  
I mur 1 s 9  8  
Nacozar1 4  4  
Others 5  1  
A1  tar 2 9 %  4 2 %  
Yavaros 1 4  5  
Ser 1 1 4  7 
Genaro 9  t o  
Sono1 ta 8  7  
Ures 8  7  
TonIchI 8  1 2  
GIennson 6  5  
Others 4  5  
Opata 4 1 %  3 1 %  
Altar 2 9  4 1  
Oas 1 s 8  7  
Ton Ich1 6  2  
Sono1 ta 5  1 0  
papago 2  3  
Yavaros 2  3  
Curcurp 2  3  
Others 5  1  
SCIANO. Unpublished farm survey data. 
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Tenure and size of holding For each tenure arrange­
ment it is possible to compare official and survey figures 
on average size holding and on percentage of total area. 
The top portion of Table 3.2 summarizes this information for 
surveyed farmers. Some of the individual el IdatarIos owned 
and rented land in addition to operating their e.l ido parcel. 
resulting In an average total area for e.lidatarios of 32 
hectares. None of the collectives rented land. The average 
private landholder operated 106 hectares of their own land 
and 46 hectares of rented land. The averages for the ejidos 
and private farmers are larger than the officially reported 
averages of 13.9 and 28 hectares (Serafin 1979), but this is 
to be expected. The ejido land operated by a single 
producer may include the parcels of several family members. 
The official limit on size of private holding Is circum­
vented by distributing titles among several family members 
even though the holdings are operated as a single unit. So 
the average holdings reported in the survey appear to be 
consistent with the valley averages. 
The percentage of surveyed area in each tenure class 
also appears to conform reasonably well with official 
figures. Thirty-four percent of land in the valley is 
classified as pertaining to individual ejidos, 19 percent to 
collective ejidos, and 47 percent to private landholders. 
Of the 101 producers surveyed, 42 percent were individual 
Table 3.2. Land holdings by type of land tenure^ 
Number Producer EJido Owned Rented Total 
Surveyed Category Area Area . Area Area 
Average per producer (ha) 
42 Individual Ejidos 24 4 4 32 
18 Co 11ect i ve EJ 1 dos 322 0 0 322 
41 Private Farmers 0 106 46 151 
Total Area Sampled in 
Each Tenure Category: 6,804 4,514 2,054 13,372 
Pet. Area in Each Tenure 
Category - Sample: 51% 34% 15% 100% 
Pet. Area in Each Tenure 
Category - Officla 1 : 56% 44% 100% 
BSerafIn, 1979; farm surveys. 
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ejidos, 18 percent were collectives, and 41 were private 
landholders. Renting of ejido land Is officially proscribed 
but does occur with unknown frequency. The rented area 
reported In the sample, therefore, could be either private 
or eJIdo land. If two-thirds of the rented area of sample 
farmers Is private land, the sample and official percentages 
match exactly. 
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CHAPTER 4. COSTS OF WHEAT CROP MANAGEMENT RESEARCH 
AND TECHNOLOGY TRANSFER 
Introduction 
In this chapter the estimated financial resources 
devoted to crop management research (CHR) and extension for 
wheat In the YaquI Valley over a twelve year period (1977-
1988) are presented. The aim of the study Is to provide an 
estimate of the overall efficiency of Investments made in 
the crop management research program. This contrasts with 
studies which examine the returns generated by a single 
research project. AH expenditures on agronomic research--
expendltures which led to useful Innovations as well as 
expenditures on research projects which were unsuccessful — 
are Included. In this way a more representative presenta­
tion of research efficiency is derived. 
In constructing the research cost estimates, because 
only wheat expenditures In crop management research areas 
were to be included. It was necessary to draw information 
from several sources. CIANO accounting records contain 
expenditures for both disciplinary and commodity programs. 
This accounting Information could not be used directly since 
the disciplinary programs Include research on both wheat and 
other crops, while the wheat program performs both crop 
breeding and agronomic research. Information on the numbers 
of experiments performed was, therefore, used to allocate 
within the existing accounting categories. The value of 
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extension services was estimated From information contained 
in the survey of farmers conducted in 1989. 
The chapter begins with brief discussions of the 
agricultural research effort of the Mexican national system 
and of the human resources available to CIANO. Description 
of the sources of Information and the assumptions used in 
constructing the CMR expenditure estimates follows. The 
constructed research expenditure series Is then presented 
and discussed. The calculation of the value of extension 
services is contained in the final section of the chapter. 
The national research system 
The Mexican research system is the second largest in 
Latin America in terms of both total expenditures and total 
manpower. Mexico's share of the total expenditures on 
public agricultural research in Latin America increased from 
6 percent In 1959 to 15 percent In 1980 (Judd, Boyce, and 
Evenson, 1983). The country's research expenditure of 0.75 
percent of agricultural gross domestic product (GDP) in 1980 
place It at the average for semi-IndustrialIzed countries 
worldwide (Gonzalez 1986, Evenson 1987). 
The level of resources devoted to agricultural research 
at the national level, however, has fluctuated greatly 
(Figure 4.1). This Is a problem common to Institutions 
which have been dependent upon public sector financing in 
Mexico. Public resources available for all sectors 
1985 1988 
Figure 4.1. National agricultural research budget 
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Increased rapidly In the three years Immediately after the 
discovery of large of I reserves In the late 1970s, but this 
was followed by a great deal of belt tightening as the 
country has struggled with the external debt crisis of the 
19803. The national crop research Institute's (INIFAP) real 
financial resources declined by more than two-thirds between 
1981 and 1986. The rapid rise and fall of resources places 
research administrators in a difficult position. Having 
expanded its scientific manpower during the boom years, an 
extremely small operating budget remains with which to 
conduct research. CIANO has experienced a similar pattern 
of rapid changes in Its financial position. 
Human resources at CIANO 
Within Mexico, the commercial agricultural system of 
the northern states stands in contrast to the small-scale 
production system of the southern states. So too, does the 
agricultural research effort differ by region, the northern 
states being better equipped in terms of financial and human 
resources than those In the south. One Indicator of 
research potential Is the level of education of research 
scientists. Polanco (1989) reports that 45 and 17 percent 
of researchers In northern states had M.S. and Ph.D 
degrees, respectively, while the corresponding figures for 
the southern states are 35 and 4 percent. In 1984, 41 
percent of CIANO researchers had M.S. degrees and 23 percent 
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had obtained a Ph.D. Only 4 out of the 63 developing 
countries in ISNAR's data base had as much as 20 percent of 
their research staff with Ph.D. degrees. In terms of 
research personnel, therefore, CIANO might be characterized 
as one of the more sophisticated research centers in a 
relatively large national system. 
The distribution of CIANO scientific staff by research 
area for the years 1977 to 1984 is given in Table 4.1. 
Plant breeders represent the largest single discipline, 
although agronomists, soil scientists, and irrigation 
specialists taken as a group represent one-third to one-half 
of research personnel in most years. The number of 
researchers dedicated to wheat is small relative to the 
Importance of the crop in the valley. Summing the first two 
categories Table 4.1 for wheat provides an indication of the 
level of human resources specializing in wheat crop manage­
ment research. Only in 1977 are more than two and a half 
scientists devoted to wheat CMR, and by 1984 this category 
had fallen to 0.5. 
Ffnancial Resources Devoted to Wheat 
CMR in the YaquI Valley 
Total financial resources 
CIANO receives funding from three sources; state and 
federal governments, and from farmers themselves through a 
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Table 4.1. CIANO scientists by discipline and cropa 
(l)b (2)C (3)d (4)6 (5)f TOTAL 
1977 
WHEAT 3 1 4 0 0 8 
OTHER CROPS 5 3 5 1 0 14 
UNSPECIFIED 5 3 1 1 5 15 
TOTAL 13 7 10 2 5 37 
1978 
WHEAT 0.5 0.5 3 2 0 6 
OTHER CROPS 3.5 3.5 6 2 0 15 
UNSPECIFIED 5 3 1 1 5 15 
TOTAL 9 7 10 5 5 36 
1979 
WHEAT 2 0.5 3 1 0 6.5 
OTHER CROPS 7.5 3.5 5.5 1 0 17.5 
UNSPECIFIED 6 2 2 1 3 14 
TOTAL 15.5 6 10.5 3 3 38 
1980 
WHEAT . 1 0 3 1 0 5 
OTHER CROPS 9.5 2 5.5 2 0 19 
UNSPECIFIED 3 2 2 1 2 10 
TOTAL 13.5 4 10.5 4 2 34 
1981 
WHEAT 1 0 2 1 0 4 
OTHER CROPS 8 3 6 1 0 18 
UNSPECIFIED 3 3 1 1 3 1 1 
TOTAL 12 6 9 3 3 33 
1982 
WHEAT 1.5 0 1 0 0 2.5 
OTHER CROPS 10 1 6 0.5 0 17.5 
UNSPECIFIED 4 1 1 0 4 10 
TOTAL 15.5 2 8 0.5 4 30 
^"Avances de la Investigaclon." CIANO, Various 
years. 
'^Agronomy, soil science, production systems, and 
irrigat I on. 
^Entomology and weed science. 
dpiant breeding. 
Gpiant pathology. 
^Biometrics, technology diffusion, and climatology. 
72b 
Table 4.1 (continued) 
(l)b (2)C (3)d (4)0 (6)f TOTAL 
1983 
WHEAT 1.5 0 1 1.5 0 4 
OTHER CROPS 6.5 2 9 0.5 0 18 
UNSPECIFIED 6 2 0 0 2 10 
TOTAL 14 4 10 2 2 32 
1984 
WHEAT 0.5 0 2 2.5 0 5 
OTHER CROPS 6 2 4.5 0.5 0 13 
UNSPECIFI 5 2 0 0 3 10 
TOTAL 11.5 4 6.5 3 3 28 
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nongovernmental group, the Patronato para la InvestIgaclon y 
Experimentac/on Agrlcola del Estado de Sonora. The 
Patronato was established In 1964 to Institutionalize the 
direct support of agricultural research In the state of 
Sonora by farmers through a levy on crop sales. The largest 
share of CIANO's budget comes from the federal government, 
but the other two sources have accounted for as much as 40 ^ 
percent of all financial resources In some recent years. 
The information available on the funds made available 
to CIANO by these three sources is deficient In a number of 
ways. The only available information on the state contribu­
tion is the total amount contributed in 1985 (Obando, 
Byerly, Samoyoa and Ortega, 1985, p. 113). While the total 
Patronato contributions are available for each year of the 
study perfod, the exact use of those funds is not. It is 
only for the federal government contributions that account­
ing Information on CIANO allocation of funds Is available,' 
but the federal data are available only for the years 1981-
1988. 
The steps used to estimate CIANO's CMR expenditures, 
therefore, were the following. First, the total amount of 
the state contribution was determined by assuming It to be a 
constant proportion of the Patronato contribution (equal to 
'That Is, the use of state and Patronato contributions 
do not flow through CIANO's accounting system. 
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the proportion In 1985). Second, the total federal contri­
bution to CIANO was extended to 1977 by assuming that CIANO 
received the same average percentage of the total federal 
budget that It received in the 1981-1983 period. Third, the 
CHR share of the total federal budget was calculated as 
explained below. Fourth, the CMR percentage of the federal 
budget was multiplied by the total state and Patronato 
contribution to derive a state/Patronato contribution to 
CHR. Finally, this state/Patronato CHR estimate was added 
to the federal CHR estimate to arrive at a total CHR 
expenditure. The construction of the CHR expenditure series 
from the federal budget data will now be discussed. 
Calculation of the CHR expenditure series 
The two sources which are available for constructing 
estimates of CIANO crop management expenditures are the 
accounting data and the published summaries of the station's 
research activity. Neither of these sources by Itself 
provides all of the necessary information but together they 
allow reasonable estimates to be derived. 
CIAWO account Ino data In CIANO's yeai—end financial 
reports expenditures are allocated to nine commodity and ten 
disciplinary programs and for various administrative 
categories. The CIANO disciplinary programs which corre­
spond to crop management research areas are entomology, weed 
science, soil science, water use and management, produc-
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tfvlty, systems of production, and climatology. This 
Intentionally broad definition encompasses all noncommodlty 
research programs except for plant pathology, genetic 
resources and biometrics. The activities of the wheat 
commodity program are principally concerned with crop 
breeding, but In certain years some agronomic experiments 
were performed so they must also be considered. Climatology 
expenditures have been Included as CHR activities based upon 
review of abstracts of experiments performed. Wheat plant 
pathology and soil laboratory expenditures have been 
classified as support programs serving both breeding and CHR 
programs so expenditures in these categories is allocated 
among all programs on the basis of their share of total 
experiments performed.% 
CIANO technical report The key to transforming 
expenditures as allocated In the accounting summaries Into 
wheat crop management expenditures Is the Information 
reported in Avances de la Investioacion. Avances de la 
InvestIqacIon contains abstracts of all experiments 
conducted, permitting the classification of each experiment 
by crop and discipline. Wheat CHR expenditures are isolated 
from the amounts reported In each accounting category on the 
Zpor example, in 1981 50 wheat experiments were 
reported. Of this 50, 30 were breeding experiments, and 20 
were CHR, so 40 percent of plant pathology expenditures were 
allocated to wheat breeding and 60 percent to CHR. 
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basis of the ratio of wheat CMR experiments to total 
experiments In the category. For example. In 1978 a total 
of five entomology experiments were reported. Of these five 
experiments, two were related to wheat.^ Therefore, 40 
percent of the 1978 entomology program expenditures were 
allocated to wheat crop management research. Unless the 
average cost per experiment for wheat is different than for 
other crops, this method should provide a close approxima­
tion of the true expenditure pattern. 
Administrative overhead expenses of the center and 
expenses of the soil laboratory were allocated to wheat CMR 
on the basis of the share of wheat CMR experiments in total 
experiments for the year. 
Tables 4.2-4.4 summarize the Information on experiments 
performed. Table 4.2 shows total numbers of experiments 
performed In each of the crop management program, as well as 
the total number of experiments performed at the experiment 
station for the years 1977 to 1985. Table 4.3 shows the 
numbers of experiments, for the same categories, which 
pertained to wheat. In terms of numbers of experiments 
^The convention was taken that when identification of a 
specific crop involved was not possible one-third of the 
resource was assigned to wheat. For example, experiment # 
YAQ-ENT-83-13 "Evaluation of 10 Insecticides In laboratory 
for control of stem worms", does not mention a specific 
crop, so it considered that one-third of the experiment 
would apply to wheat management. The one-third figure 
represents the highest share of wheat In the total research 
budget over the study period. 
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Table 4.2. Number of technical reports in selected 
research program areas: ail crops^ 
Year  (l)b (2)C (3)d (4)'e (5)f (6)9 (7)h 
1977 34 29 41 — — 22 7 183 
1978 5 8 22 — — 4 17 1 12 
1979 9 12 34 — — 8 31 141 
1980 1 1 13 43 — — 9 21 176 
1981 19 1 1 51 — — 36 30 254 
1982 17 6 47 — — 34 46 228 
1983 19 9 31 4 9 27 190 
1984 9 7 18 1 7 13 127 
1985 8 5 14 2 8 5 110 
^CIANO. "Avances de la I nvestigacion," various 
years. 
bEntomoIogy. 
cweed Science. 
dSoii Science, Irrigation, Productivity, Systems of 
Product i on. 
®CJ imatology. 
fpiant Pathology. 
SWheat program - total breeding and agronomic, 
experiments. 
^Total for all crops and all research areas 
78 
Table 4.3. Number of technical reports in selected 
research program areas: wheat onlys 
Year (l)b (2)C (3)d (4)6 (5)f (6)9 (7)h 
1977 3 8 1 1 0 0 22 7 
1978 2 7 10 0 2 21 15 
1979 0 6 24 0 2 32 29 
1980 0.33 5 12 0 3 20.33 18 
1981 1.33 3 1 1 0 0 15.33 30 
1982 1 .66 0 12 0 0 13.66 46 
1983 2.66 3 1 2 0 8.66 27 
1984 2 2.33 0.33 0 0 4.66 13 
1985 0 2 0 1 0 3 4 
^CIANO. "Avances de la InvestIgaclon," various 
years. 
b&ntomoIogy. 
cweed Science. 
dsoll Science, Irrigation, Productivity, Systems of 
Product I on. 
®CI ImatoIogy. 
^Agronomic performed within the wheat commodity program. 
GTotal crop management = sum of (1) - (5). 
hwheat Breeding. 
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Table 4.4. Wheat CMR as percentages of total experiments 
In selected program areas and wheat CMR 
experiments as share of total experiments 
conducted^ 
Year (l)b (2)C (3)d (4)e (5)f (6)9 
1977 9% 28% 27% 0% 12% 
1978 40 88 45 — — 12 19 
1979 0 50 71 6 23 
1980 3 38 28 — — 14 12 
1981 7 27 22 — — 0 6 
1982 16 0 26 — — 0 6 
1983 14 33 3 50 0 5 
1984 22 33 2 0 0 4 
1985 0 40 0 50 0 3 
3,CIAN0. "Avances de la I nvest I gac I on, " various 
years. 
bgntomoIogy. 
cweed Science. 
dSoll Science, Irrigation, Productivity, Systems of 
Product I on. 
I ImatoIogy. 
fCrop management experiments as share of total 
experiments In wheat commodity program. 
SWheat crop management experiments as percentage of 
total reported experiments. 
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performed (column 7), the emphasis on wheat crop management 
research has declined greatly since 1982, accounting for ten 
percent or less of all experiments between 1981 and 1985 
(Table 4.4). 
The constructed CMR expenditure series 
The constructed CIANO experiment station total, wheat 
CMR, and wheat breeding expenditure series are presented In 
Tables 4.5 and 4.6 and summarized In Figure 4.2. All 
figures have been adjusted to December 1988 pesos using the 
national consumer price Index. Expenditures for the years 
1981 to 1988 In Table 4.5 are figures that come directly 
from the CIANO budgets. 
It Is apparent from Figure 4.2 that CIANO has ridden 
the same financial roller coaster as the national research 
system. Total research expenditures nearly doubled between 
1977 and 1981, but by 1988 had fallen to Just 38 percent of 
the 1981 peak I eve I. 
How have research administrators responded to these 
swings In resource availability? What adjustments In human 
resource management and research focus have occurred? 
Figure 4.3 shows that for the years 1977 to 1985 the level 
of real expenditures per scientist rose and fell with the 
movements of the general budget. Even though additional 
scientists were hired during the early 1980s, the budget 
Increased even faster, resulting In a significant Increase 
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millions of constant December 1988 pesos 
1982 1983 1984 1985 1986 1987 1988 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 17 0 17 10 0 0 
123 8 6 0 4 2 3 
25 19 26 12 12 6 7 
_o OM. _24 _Li _L0 _12 
148 73 58 54 40 18 22 
5 5 1 1 13 8 7 9 
190 87 107 125 73 81 73 
8 0 28 63 20 15 17 
351 165 204 255 141 122 121 
7% 4% 6% 8% 6% 5% 5% 
234 184 172 133 1 1 1 93 104 
0 0 0 210 0 0 0 
20 0 41 29 34 25 29 
426 247 136 
-51 101 LL2 100 
692 445 363 435 259 242 248 
15% 1 1% 11% 13% 10% 1 1% 10% 
22% 15% 17% 21% 16% 16% 15% 
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mil 11ons of constant December 1988 pesos 
1982 1983 1984 1985 1986 1987 1988 
234 184 172 133 1 11 93 104 
0 0 0 210 0 0 0 
0 34 31 34 29 0 0 
473 270 298 327 254 128 169 
116 49 25 18 10 47 49 
234 122 154 152 133 81 120 
0 0 0 0 0 0 0 
,123 99 119 156 1 1 1 0 0 
155 138 1 18 103 97 54 61 
1 1 1 86 80 61 66 44 53 
137 72 69 91 82 60 70 
1611 1577 1296 1 154 1018 860 1062 
974 712 698 869 557 319 387 
56 100 136 129 100 95 113 
137 72 69 91 82 60 70 
192 172 204 220 182 155 183 
1 ,051 378 292 327 253 266 216 
288 277 0 0 0 0 0 
112 94 0 0 0 0 0 
92 75 0 0 0 0 0 
216 85 68 63 49 34 38 
27 26 23 23 22 6 9 
252 152 183 172 99 75 67 
74 74 94 59 43 33 25 
0 68 79 62 46 68 49 
0 52 70 60 42 37 45 
0 370 413 389 321 225 267 
0 87 1 1 1 97 82 52 46 
0 0 0 0 0 45 49 
0 0 0 0 0 170 75 
0 0 0 0 0 52 65 
2.113 1 ,737 1,333 1,251 958 1,063 951 
4,698 4,026 3,328 3,274 2,533 2,242 2,400 
918 1 ,128 1,133 949 764 609 726 
459 564 567 475 382 304 363 
6,074 5,717 5,027 4,697 3,680 3,155 3,488 
20% 28* 34* 29* 30* 27* 30* 
29* 42* 51* 43* 45* 41* 45* 
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fn expenditures per scientist. The number of scientists at 
CIANO decreased little between 1981 and 1988, but by 1988 
each scientist had much less money available with which to 
perform experiments. The decline in resources was handled 
by adjusting the number of experiments performed^ increasing 
the number of experiments as the budget grew and reducing 
their number as the budget shrunk, rather than by spending 
less per experiment. 
Large adjustments were also made In the allocations 
among commodities and among research programs. The alloca­
tion to wheat research has fallen from an average of 24 
percent of total expenditures prior to 1981 to an average of 
Just 16 percent in more recent years (Figure 4.4). This 
decline has been due prfmarfly to cuts In funding for wheat 
CMR, which fell from 13 percent of the total budget to Just 
5 percent. The resource management strategy Implied by this 
spending pattern is that when the total budget was expand­
ing, programs shared the benefits of the expansion equally. 
But once total funding went Into its rapid decline, it was 
less painful to curtail agronomic research than breeding 
activities. Much of the breeding research program at CIANO, 
as In other wheat regions, is concerned with "maintenance" 
breeding activities. Maintenance breeding involves the 
development and release of new varieties, which may or may 
not be higher yielding, but which are reslstent to diseases 
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to which resistance of earlier released varieties has broken 
down. New varieties must continuously be released to guard 
against rust epidemics which have the potential to devastate 
commercial production. The consequences of reducing crop 
management research, therefore,' are undoubtedly less 
damaging In the short run than those of cuts to the crop 
breeding program. 
How has this reduced emphasis on wheat research in the 
YaquI Valley affected the conventional Indicators of 
research Investment Intensity? By two of the commonly used 
Indicators (Figures 4.5 and 4.6) It appears that wheat 
research has been under valued In the valley for most of the 
period (Scoble 1984 and 1987). Wheat has contributed an 
average of nearly 40 percent of the agricultural value 
produced In the valley, while an average of Just 20 percent 
of the research budget has gone to wheat research (Figure 
4.5). Some Incongruence between the share of the research 
budget and the crop value Is to be expected given the 
significant spillovers from CIMMYT's large wheat program In 
the valley, but the gap In recent years seems very large. 
Figure 4.6 presents wheat research expenditures and 
expenditures on research on all other crops as shares of 
their respective values of production. The ratio for wheat 
In the Yaqui Valley rose from 0.4 percent In 1977 to 1.0 
percent In 1981 before falling by 1988 to Just 0.4 percent. 
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The average figure for other crops has also fluctuated, but 
the 1.6 percent average for the period Is quite respectable 
by International standards. For example, total research 
expenditures for tropical South American and Central 
American/Caribbean countries averaged from 1.0 and 0.6 
percent of agricultural GDP respectively In 1980, with the 
top third of the countries Investing between 1.0 and 1.5 
percent of the value of output (Scoble, 1987). 
The Cost of Transferring Crop Management Information 
There are several ways to assign a value to extension 
efforts. One approach Is estimate total expenditures by the 
public extension system for the geographical area under 
consideration. This approach works well for aggregate 
studies when private extension services are unimportant. My 
Interest, however. Is In the value of extension services 
that have been devoted to Improving the crop management 
practices of a single crop. This value can be estimated 
using Information on the Intensity of extension contact 
among the valley's producers and the cost of contracting the 
services of a private agronomic consultant. 
Private agronomic consultants In the valley are paid a 
per hectare fee for their services. The median fee In 1989 
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was about 15.000 pesos for the wheat season*^ For this fee. 
the consultant Is expected to visit the farmer an average of 
twice a month, with contacts being concentrated at planting 
time and during the periods when pesticide use decisions are 
being made. 
In the 1989 survey, producers were questioned about the 
frequency of contact with technical personnel (Including 
both public extension agents and private consultants). 
During the 1989 wheat season, 80 percent of surveyed 
producers received at least one extension contact per month, 
and 65 percent had one or more contacts per week . 
The total value of extension services was calculated as 
follows. A zero value of extension services was assigned to 
those producers that receive less than one contact per  
month. A value of 15,000 pesos per hectare was assigned to 
the area of the remaining producers. This results In an 
estimated total value of extension services in 1989 of 
almost 2 billion pesos ($US 750,000). 
This figure represents the estimate total value of 
wheat extension services. What share of this total value of 
extension service should be assigned to the diffusion of 
crop management research findings? There seems to be no 
^By comparison the public credit bank assesses a 3,500 
peso fee to Its clients for technical assistance. It is not 
known If this fee covers the full cost of the service. 
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obvious answer, so sensitivity analysis will be used In 
Chapter 7 to evaluate the impact of the inclusion of various 
proportions of the total cost on the rate of return to crop 
management research and extension. 
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CHAPTER 5. THE PRODUCTS OF THE CROP MANAGEMENT RESEARCH 
EFFORT AND CHANGES IN PRODUCER PRACTICES 
Introduction 
In Chapter Two a framework was proposed for evaluating 
the Influence of public research on changes In producer 
practices. It was proposed that the evaluation of the 
benefits from crop management research be conducted In four 
steps a) identification of research products, b) Identifica­
tion of changes in producer practices, c) appraisal of the 
evidence of causality between research and changes in 
producer practices d) estimation of the impact on net farm 
income of the changes In practices. 
In this chapter the first three of these steps will be 
applied to wheat research in the YaquI Valley. The products 
of CIANG's crop management research effort will first be 
reviewed. The changes in farmers' management practices and 
an assessment of the evidence of causality will then be 
considered. The Impact of the changes In practices on net 
farm income will be calculated In Chapter Six. 
Research Products 
Crop management research produces both applied technol­
ogies and information on the adaptation of technologies for 
use In specific production environments. The nature of these 
products Implies that they must at some point pass through to 
become a recommendation that is released to producers. The 
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recommendations may be diffused directly to farmers through 
field days, through extension personnel or through technical 
bulletins. One way to Identify research products, therefore. 
Is through the examination of changes in published crop 
management recommendations. 
CIANO publishes crop production guides for each crop 
grown in the valley. The guide for each major crop is 
updated annually based upon research results. The wheat 
production guide' generally contains approximately 25 pages 
with some 1,000 to 5,000 copies being distributed annually. 
Ten or more researchers, representing all areas of research -
plant breeding, production systems fertility, soil science, 
irrigation, weed science, entomology, and pathology - are 
listed as co-authors of the guides. The objective of the 
guide is stated in the 1981 edition as: 
"This Pamphlet Series for Producers Is published by 
[CIANO] publications. The content Is presented 
with the objective of informing farmers about the 
performance of all phases of a crop; that Is, to 
provide a complete orientation for a given crop or 
agronomic practice. 
The fact that this wheat production guide is so widely 
distributed to farmers, that it is updated annually, and that 
researchers from all disciplines contribute to Its develop-
'CIANO, Gula para Produclr Trlgo en el sur de Sonora. 
years 1975 to 1989, various authors. 
Z c i A N O ,  Gula para Produclr Trlgo en el Val le del Yagul. 
CIANO, 1981. p 25. 
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ment makes ft a convenient benchmark from which to Identify 
the output of crop management research at CIANO. It should 
be possible to Identify the practice areas which have 
produced significant research findings by carefully document­
ing the changes In recommendations which have occurred since 
the 1975 guide was Issued. 
Crop management recommendations are discussed In ten 
sections In the guide: land preparation, planting date, 
seeding rate, planting method, phosphorus, nitrogen, weed 
control. Insect control. Irrigation, and harvest technol­
ogies. Not all of these are major areas of research, but the 
chance of neglecting any research finding will be avoided by 
reviewing the entire range of recommendations. 
Recommendations In six of the ten practice areas either 
remained completely unchanged over the study period, or had 
only minor changes that are unlikely to be noticed by 
producers (Table 5.1). The recommended harvest and irriga­
tion practices remain unchanged. The only change In the 
recommended land preparation practice has been that since 
1981 It has been suggested that deep subsolling be performed 
once every three years. This Is not an Important change 
since subsolling was not a new practice, even In 1981 
(Byerlee and Flores, 1981). Another minor change Is that the 
suggested optimal planting date has been moved from December 
I to December 10. 
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Table 5.1. Summary of changes in recommendations 
Practice Change in recommendation 
Land preparation minor 
Planting method significant 
Phosphorus signifleant 
Insect control significant 
Seeding rate significant 
N i trogen mi nor 
Planting date mi nor 
Weed control unchanged 
Harvest unchanged 
Irrigation unchanged 
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Nitrogen response and chemical weed control are two 
areas which have been relatively active research areas, but 
which have not resulted in notable changes in recommenda­
tions. Nitrogen recommendations are published as a table 
which lists recommended nitrogen dosages. These dosages are 
conditional on rotation, soil type, and varietal maturity 
class.3 Some of the cells in the nitrogen recommendation 
table change nearly every year, with some recommended dosages 
being increased and others being reduced, but the changes 
have tended to cancel each other out. The net result has 
been that the average recommendation has remained nearly 
unchanged over the study period.4 There also has been some 
turnover in the recommended herbicides, but no other changes 
in weed control recommendations. 
A significant new technology that began appearing In the 
production guide in 1980 is the method of planting in beds, 
or surcos. The traditional planting methods use either a 
31n other words, the nitrogen recommendation table 
contains 3 (rotations) x 2 (soil types) x 3 (maturity 
classes) = 18 cells. 
^The recommended level of nitrogen was calculated for a 
sample of 85 farmers using the 1981, 1982, 1987 and 1989 
production guides. The average recommended dosage (the sum 
of the individual recommendations divided by 85) varied by 
only 6 kg/ha between the highest and lowest years. 
Year Ave. recommendation (kg/ha) 
1981 133 
1982 139 
1987 134 
1989 134 
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broadcast or drill planter. Irrigation Is accomplished by 
using raised border strips to divide fields into one to two 
hectare sections of uniform topography that permit even water 
distribution once flooded. The new planting method uses both 
a different plant arrangement and a different system of 
Irrigation. A row planter is used to plant one, two, or 
three rows of wheat on the top of raised beds which are 70 to 
80 centimeters wide. The recommended seedl.ng rate for this 
new method of planting Is significantly lower than for the 
traditional methods. These seed beds are separated by 
shallow furrows which are used for distributing Irrigation 
water and which remove the need to raise borders. 
There are several advantages of the new planting method: 
(1) the Irrigation furrows allow a mechanical cultivator to 
be used to control weeds between the beds, (2) the seeding 
rate can be reduced from 110 kg/ha to 50 kg/ha, and (3) the 
furrows make hand weeding easier. Yields and land prepara­
tion costs are approximately equal under the surco and 
traditional planting methods (Moreno, Salazar, Gomez and 
Mendoza, 1980). 
The recommended approach to  the use of phosphorus has 
changed twice over the study period. Prior to 1980, specific 
recommendations were published In a table similar to that 
used for nitrogen, where dosage was conditional on rotation, 
soil type, and variety. Since 1980 It has been recommended 
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that all fields be tested for available phosphorus. From 
1980 until 1986, it was recommended that 40 kg/ha be applied 
to all fields in which the test indicated less than 16 kg/ha 
of available phosphorus. Since 1986, precise dosages are 
recommended for each indicated level of available phosphorus. 
The recommended insect control strategy has also changed 
significantly. Before 1987, the guide simply listed the 
chemicals that should be applied to combat each insect 
species. In the production guides published after 1987, 
control strategies for each pest are discussed In more 
detail. Specific recommendations for monitoring the popula­
tions of both pest and predator populations are explained, 
including the population levels at which chemical control is 
merited. For certain insects, it has been recommended since 
1987 that control by the use of an extra irrigation is more 
effective than chemical control. The recommendations 
emphasize that chemical control should be employed only when 
absolutely necessary because of the adverse effect on 
predator populations. 
The review of the crop management recommendations which 
have been issued by CIANO since 1975, therefore, has 
uncovered significant changes in four practices--planting 
method, seeding rate, phosphorus use, and insect control 
(Table 5.1). Minor changes have been observed in three 
practices—land preparation, nitrogen use, and planting date. 
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Changes in the practices of producers for these seven 
practices will now be reviewed. 
Changes in Producer Practices 
In this section the changes In producer practices and 
the evidence of the Influence of research on the observed 
changes will be examined. Data from surveys which were 
conducted in 1981, 1982, 1987, and 1989 are available for the 
analysis. The section begins with a short discussion of the 
statistical procedures to be employed. The seven practices 
In which changes in recommendations have occurred will then 
be reviewed. 
Statistical methods 
The seven practices which will be examined can be placed 
In one of two categories - practices which take on continuous 
values, such as nitrogen use; and practices which are 
dichotomous, such as use of subsoiling. Different statisti­
cal procedures are required for each category. The empirical 
Indicators chosen to represent each practice are given in 
Table 5.2. 
Continuous variables The objective of this section 
Is to Judge whether or not producers have changed their level 
of Input use over time. The general nature of this question 
results In several options for formulating the null 
hypothesis. Data are available from surveys taken at four 
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Table 5.2. Indicators for tests of changes In management 
practI ces 
PractI ce I ndIcator 
01screte: 
Soil preparation 
Planting method 
Phosphorus 
Insect control 
ContInuous: 
Seeding rate 
Nitrogen 
Planting date 
Percent performing subsolling 
Percent planting In beds 
Percent performing soil test In 
1989; 
Percent applying phosphorus 
Percent of farmers applying 
InsectIcI de 
(kg/ha) seed 
(kg/ha) nitrogen 
Number of days after November 1 
Weed control 
Harvest 
Irrigation 
Not tested 
Not tested 
Not tested 
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points In time, presenting further options for formulating 
the hypotheses about changes In the distribution of practices 
over time. Is the appropriate test one of whether the 
distribution Is different between any two points In time; or 
only whether the distribution In 1981 differs from that in 
1989? That Is, should two-sample statistical tests (using 
1981 and 1989) or multiple sample tests be performed? Since 
most, but not all, farmers were Included In two or more 
samples, should paired tests (omitting producers that do not 
appear In both samples), or unpaired tests be performed? And 
finally there is the issue of whether parametric or non-
parametric methods are best. The single "best" hypothesis to 
be tested Is not obvious, so both parameterIc and non-
parametric test results--a total of three tests for each 
practlce--wi11 be presented and discussed. The approaches, 
tests, and corresponding null hypotheses to be presented are: 
1) Duncan Range test for equality of means 
2) Paired test for difference of means using only farmers 
surveyed In both 1981 and 1989 
t-test of Hq! W|=W2 
3) Wllcoxson signed-rank test for the paired observations 
FI(x)=F2(X) 
There are two practices for which the tests for changes 
in the distribution of practices using our sample are not 
completely satisfactory. The observed planting date and the 
level of application of Insecticides are strongly conditioned 
by weather events. The Implication of this Is that the 
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separation of differences In the parameters of the distribu­
tions due to new research results from changes due to weather 
conditions will be tentative. The effect of this problem on 
study results will be small fn the case of planting date, as 
the Impact on yield of the minor changes in recommended 
planting dates Is likely to be quite small. The potential 
benefit from reduced Insecticide use, however. Is quite high, 
particularly If the externalities of pesticide use are taken 
Into account. To assist In deciding whether farmers have 
changed their use of insecticides, therefore, answers to 
subjective questions will be used to supplement the objective 
Information. 
Proportions For discrete practices chi-square tests 
for changes over time in relative frequency of the outcome of 
interest will be used. Since the four farm surveys are 
assumed to be representative samples of the population of 
farmers in the valley and allow the following hypothesis to 
be tested using the chi-square distribution: 
Hq: @1=62=63=84 (proportions are the same in all 
sample years) 
: proportions not the same 
Statistical results and causality evidence 
Land preparation The only new recommendation to be 
Issued concerning land preparation is that subsoiling be 
performed at regular Intervals. The percentage of farmers 
planting In clay soils that employ subsoiling has not changed 
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significantly over the period of Interest (Table 5.3). This 
practice will not be considered further. 
Nitrogen use 
A large Increase In the use of nitrogen occurred between 
1981 and 1989. The mean level of nitrogen application rose 
In each survey, resulting in a total increase of some 30 
percent between 1981 and 1989. The statistical test results 
are presented In Table 5.4. The statistical tests Indicate 
that nitrogen use has changed over time. 
The gap between the average nitrogen recommendation and 
the average level of nitrogen applied widened over time. In 
1981, farmers were applying an average of 132 percent of the 
recommended amount of nitrogen, while by 1989 this had risen 
to 172 percent. Figures 5.1a and 5.1b summarize the lack of 
congruence between the recommendations and farmer behavior. 
Observed nitrogen levels for each sample farmer are plotted 
against the recommended level, given the field's rotation, 
soil type and variety for the 1981 and 1989 seasons. The 
solid line in each figure is the forty-five degree line. 
Points that fall along the line are farmers who are applying 
exactly the recommended amount of nitrogen, points below the 
line are farmers who are applying less than the recommended 
dose, while those above the line are applying more than the 
recommendat1 on. 
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Table 5.3. Proportion or producers performing subsollfng 
In clay soils by survey year 
1981 1987 198.9 
Performed 
subsoil 68.5 64.0 77.0 
Old not 
perform 31.5 36.0 23.0 
Samp Ie 
size 54 25 61 
Chl-square test statistic = 1.84: 2 D.F., 
Significance = .40 
Fall to reject equality of proportions at .05 
significance level 
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Table 5.4. Nitrogen use (kg/ha): descriptive statistics and 
statistical test results 
Descriptive statistics 
YEAR MEAN VARIANCE N 
1981 176 2173 90 
1982 194 920 73 
1987 218 1373 41 
1989 230 2387 100 
Test Results: 
(1) Duncan's multiple-range test (.05 level of s IgnfIcance). 
1981 different from other years. 
(2) Paired test of equality of means - 1981 and 1989 surveys 
(74 paired observations). 
t-value = -6.64 
t Probability = 0.00 
Reject equality of sample means at .05 level of 
signfF i c a n c e .  
(3) Wllcoxson siqned-ranks test - 1981 and 1989 surveys 
(74 paired observations). 
Z value = -5.70 
Z Probability = 0.00 
Reject equality of sample distributions at .05 level of 
signfficance. 
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Figure 5.1. Relationship between average recommended and average applied 
nitrogen levels, 1981 and 1989 
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There are two striking features In these figures. The 
first Is that the scatter of observations shows no linear 
relationship between the recommendation and application in 
either figure. The Pearson correlation coefficients between 
nitrogen recommendation and nitrogen application for the four 
surveys are .07, -.02, -.12 and -.03. The second feature Is 
that farmers are moving further away from the recommended 
amounts of nitrogen. In 1981 fifteen farmers were using the 
recommended dose or less. In 1989 there was only one farmer. 
In this category. 
Chemical fertilizers are sold at heavily subsidized 
prices In Mexico. The ratio of the price of wheat to 
nitrogen was between one and two In all survey years. 
Evidence from response function estimation (Appendix 5.1). 
suggests that. In all years, farmers were much closer to the 
level where profits are maximized, than were the CIANO 
recommendatIons. 
Planting date 
The change In planting dates has been very minor. The 
median planting dates for the four surveys are December 5, 4, 
10, and 6. The average planting date has been between 
December 5 and December 12 In all survey years, and In three 
of the four years has been between December 5 and Dec 9 
(Table 5.5). While this variation is significant at the 5 
percent level In some of the statistical tests conducted, the 
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Table 5.5. Planting date (days after Nov. I): descriptive 
statistics and statistical test results 
YEAR MEAN VARIANCE 
1981 36 116 
1982 37 155 
1987 42 228 
1989 39 21 1 
Test Results: 
(1) Duncan's multiple-range test (.05 level of signficance). 
1987 different from other years 
(2) Paired test of equality of means - 1981 and 1989 surveys 
(72 paired observations). 
t-value = -2.51 
t Probability = 0.014 
Reject equality of sample means at . 0 5  level of 
significance. 
(3) Wilcoxson siqned-ranks test (72 paired observations). 
Z value = -2.49 
Z Probability = 0.012 
Reject equality of sample distributions at .05 level of 
significance. 
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range of dates Is small and Is entirely within the range of 
optimal dates given by CIANO. 
Phosphorus 
The mean level of phosphorus application has risen over 
time (Table 5.6), but the rise In this mean has been due to 
more farmers applying phosphorus rather than to a change In 
dosage among users (Table 5.7). Average dosage among users 
has varied by only two kg/ha, but the share of sample farmers 
applying fertilizer has Increased from 59 percent In 1981 to 
78 percent of sample farmers In 1989. A chl-square test 
shows that this Is a significant change In proportion of 
farmers. 
Because farmers do not vary their phosphorus dosage this 
Is evidence that the CIANO recommendation receives little 
attention from farmers. The recommendation that phosphorus 
application be guided by soil testing has similarly had very 
little Influence on producers. Only thirteen percent of the 
sample farmers performed a soil analysis in 1989, but data 
for other years are not available. Table 5.8 shows the 
distribution of the number of years since a soil analysis was 
last performed. Thirty-nine percent of farmers have made use 
of a soil analysis on the survey field at some time in the 
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Table 5.6. Average phosphorus dose (kg/ha): full sample 
average among those that applied phosphorus 
Full sample Among phosphorus users 
Year mean mean 
1981 28 47 
1982 26 47 
1987 40 49 
1989 37 47 
Table 5.7. Proportions of surveyed producers applying 
phosphorus by survey year 
1981 1982 1987 1989 
percent 
Did not 
apply 40.7 43.8 17.1 21.8 
Applied 59.3 56.2 82.9 78.2 
Samp Ie 
size 91 73 41 101 
Chi-square test statistic = 16.87200; 3 d.f. 
Significance level = .0008. 
Reject equality of proportions at .05 level of 
significance. 
112 
Table 5.8. Distribution of year In which aoM test was last 
performed 
Year of last 
soil test Number Percent 
Cumul at Ive 
percentage 
Never, or 
before 
1989 
1988 
1987 
1986 
1985 
1984 
1983 
1982 
1978 
13 
1 1 
14 
8 
3 
4 
2 
4 
39 
13.3 
1  1 . 2  
14.3 
8 . 2  
3. 1 
4. 1 
2.0 
4. I 
39.7 
13.3 
24.5 
38.8 
46.9 
50.0 
54. 1 
56. 1 
6 0 . 2  
1 0 0 . 0  
Tota I 98 1 0 0 . 0  
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last three years,® while for an equal number, it has been ten 
or more years since the last analysis. There is, therefore, 
no evidence CIANO phosphorus recommendations have influenced 
producer behavior. A simple model which attempts to explain 
why so few producers are following the CIANO recommendation 
is presented in Appendix 58. 
Planting method and seeding rate 
One of the most noticeable changes in management 
practices in recent years has been the modification of 
planting methods. Four different planting methods are used -
in the valley - border strips, contours, beds and corruga­
tions. Border strips and contours, and corrugations are the 
traditional planting methods. The surco. or bed planting 
system of uses raised beds which are planted with a row 
planter. 
There has been a significant increase in the use of the 
bed planting system between 1981 and 1989 (Table 5.9). In 
1981 Just eight percent of farmers planted in beds while in 
1987 and 1989 more than 30 percent employed this system. 
Planting In beds Is especially advantageous for farmers who 
are planting for commercial seed production because of the 
need to eliminate all weeds and stray wheat varieties without 
^The analysis may have been done in relation to another 
crop. The question asked only the year In which a soil test 
was last performed on the sample field. 
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Table 5.9. Proportions of surveyed producers using each 
planting method by year and chl-square test 
result 
1981 1982 1987 1989 
Beds 8.3% 4.6% 36. 6% 32 .7% 
Border 
str1ps 36.9 50.8 17. 1 23 .8 
Contours 25.0 18.5 17. 1 1 1 .9 
Corrugations 29.8 26.2 29. 3 31 .7 
Sample size 84 65 41 101 
Chl-square test statistic = 44 
Significance level = .000. 
.60: 9 d.f. 
Reject equality of 
of significance. 
proportions at . 05 1 eve 1 
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resorting to chemical herbicides. In 1981 Just one out of 
seventy-five grain producers was using surcos, compared to 
six of the nine commercial seed producers (Table 5.10). By 
1987, however, more than thirty percent of grain producers 
had adopted the method. 
There has been no change In sample average seeding rate 
across years (Table 5.11). The difference between the 
highest and lowest value across the four samples Is less than 
7 kg/ha. Analysis of seeding rates by planting method, 
however, reveals that farmers have accepted the CIANO 
recommendation to use less seed when planting In beds (Table 
5.12). Although the seed rate for farmers planting In beds 
has Increased over time. It is still much lower in all years 
than that of other farmers. The Increase In seeding rate 
over time for farmers planting In beds is primarily the 
result of the fact that in 1981 and 1982 only one farmer who 
was not a commercial seed producer was planting In beds. In 
later years grain producers were the largest share of the 
group that was planting in beds. Seed producers used less 
seed In all years than grain producers, which Is not surpris­
ing since their objective Is to increase the yield per unit 
of foundation or breeder seed. 
The evidence that CIANO research, rather than other 
sources, has Induced the adoption of the surco planting 
method Is convincing. Several factors Indicate that CIANO 
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Table 5.10a. Proportions of surveyed grain producers 
using each planting method by year and 
chl-square test result 
1981 1982 1987 1989 
Beds 1.3 1.7 33.3 27.8 
Border strips 40.0 50.0 17.9 25.6 
Contours 26.7 20.0 17.9 13.3 
Corrugations 32.0 28.3 30.8 33.3 
Sample size 75 60 39 90 
Chl-square test statistic = 48.88: 9 d.f. 
Significance level = .000. 
Reject equality of proportions at .05 level of 
significance. 
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Table 5.10b. Proportions of surveyed commercial seed 
producers using each planting method by 
year and chi-square test result 
1981 1982 1987 1989 
Beds 66.7 50.0 100.0 72.7 
Border strips 11.1 50.0 — — 9. 1 
Contours 11.1 — — — 
Corrugat ions 11.1 — — — — 18.2 
Sample size 9 4 2 1 1 
Chi-square test statistic = 7.33: 9 d.f. 
Significance level = .6026. 
Fail to reject equality of proportions at .05 
level of significance. 
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Table 5.11. Seed rate (kg/ha): descriptive statistics and 
test results 
Descriptive Statistics 
YEAR MEAN VARIANCE 
1981 156 824 
1982 151 624 
1987 156 1398 
1989 158 1111 
Test Results : 
(1) Duncan's mu1t1d1e-ranoe test (.05 level of siqnficance) 
No two groups are significantly different 
(2) Paired test of equa11tv of means for 1981 and 1989 
samp I es 
(73 paired observations). 
t-value = -0.84 
t Probability => 0.41 
Fall to reject equality of sample means. 
(3) Wllcoxson siqned-ranks test (73 paired observations) 
Z value = -0.90 
Z Prob. = 0.37 
Fall to reject equality of sample distributions. 
Table 5.12. Average seeding rate by planting method 
Mean Std Dev Cases 
Year 1981 155 30 84 
Beds 76 19 7 
Border Strips 159 17 31 
contours 164 17 21 
Corrugations 166 17 25 
Year 1982 152 25 63 
Beds 75 13 3 
Border Strips 154 20 31 
contours 161 16 12 
Corrugations 155 13 17 
Year 1987 156 37 41 
Beds 122 35 15 
Border Strips 182 13 7 
contours 167 21 7 
Corrugations 177 25 12 
Year 1989 158 33 101 
Beds 125 24 33 
Border Strips 179 19 24 
contours 175 28 12 
Corrugat1ons 171 26 32 
For Entire Population: 156 31 289 
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research preceded the adoptfon o f  the new method by a 
reasonable amount of time: a) a CIANO technical bulletin^ 
released In June of 1980; b) the method was first suggested 
as an option in the 1981 CIANO wheat production guide; c) 
CIANO Avances de la Investioaclon reports several experiments 
on the method in the mid and late 1970s; and d) several of 
the farmers who were the early adopters of the method 
reported learning about the bed planting system through 
contact with CIANO scientists. It also seems unlikely that 
this type of innovation could evolve independently of formal 
research. 
Use of Insecticides 
There was far less use of chemical insecticide In the 
last two survey years than in the first two (Table 5.13). 
Seventy-four percent of the producers surveyed before the 
insecticide use recommendation was changed in 1987 used 
chemical insect control. This compares with Just forty-eight 
percent of those surveyed In 1987 and 1989. 
Attributing this change to the Influence of CIANO 
research, however. Is not direct for several reasons. First, 
there may be large fluctuations in Insect populations across 
^Moreno, 0.; Salazar, M.; and Mendoza, S. La Siembra 
de Trigo en Surcos. (Cd. Obregon: CIANO, June 1980). 
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Table 5.13. Proportions of surveyed producers applying 
chemical Insecticides by year and chl-square 
test result 
1981 1982 1987 1989 
AppIled 82.4 63.9 26.8 56.4 
Did not apply 17.6 36. 1 73.2 43.6 
Sample size 91 72 41 101 
Chl-square test statistic = 39.05; 3 d.f. 
Significance level = .000. 
Reject equality of proportions at .05 level of 
significance. 
122 
survey years due to variations In climatic c o n d i t i o n s . 7  
Secondly, the cost of Insecticide use has risen over time® 
suggesting that part of the decrease Is a simple movement 
down the demand curve rather than a research Induced shift In 
the demand curve. Unfortunately, no objective Indicator of 
relative levels of Insects In the valley across survey years 
exists. Since the objective evidence on insecticide use Is 
deficient, I have attempted to assemble as much subjective 
evidence as possible from researchers, extension agents and 
farmers. The evidence all suggests that farmers are less 
prone to use insecticides now than in previous years. The 
role of research in farmer pest management has been discussed 
in several previous studies by economists. Some of the 
results from these studies will be discussed below and the 
subjective evidence will be presented. 
Pest management and research The profit maximizing 
level of Input use Is the point at which the marginal cost of 
application equals the marginal benefit. For agricultural 
insecticides the concept of the economic threshold Is 
7 CIANO entomologists suggest that the 1989 insect 
population was such that If farmers were using the same 
criterion as in previous years we would have observed an 
application rate of close to 100 percent, but that the 1987 
population was low. (Personal communication with Dr. Jose 
Martinez Carrlllo, CIANO entomologist.) 
®The cost of a one liter per hectare aerial application 
of the most common insecticide (Parathlon Metilico) has 
risen from 75 kg of wheat In 1981 to 111 kg of wheat In 
1989. 
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generally employed to model the point at which farmers will 
apply Insecticides (Headly, 1972). At Insect Infestation 
levels below the economic threshold, the farmer will refrain 
from usining Insecticides since the cost of application Is 
greater than the expected benefit. This threshold is a 
function of the cost of application, output price, the 
effectiveness of the insecticide, and the population levels 
of predltor Insecticides, making insecticide use a complex 
task for producers.9 
Pest control Is also one of the most uncertain aspects 
of crop production for farmers. The parameters of the pest 
crop damage and Insecticide kill functions are difficult to 
acertain with certainty. Insecticide application Is a 
relatively costly Input into the production process and the 
potential economic damages from Insect Infestations, Implying 
that pest control decisions have a large influence on the 
variance of net output (Feder, 1979; Ant le, 1987). Preventa­
tive, rather than remedial pesticide application, strategies 
are often employed as a risk reducing strategy (Norgaard, 
1976b, PIngall and Carlson, 1985, Cochran, Roblson and 
^The complexity of the pesticide use problem Is more 
clearly demonstrated In studies such as those by Hall and 
Norgaard ( 1973), Hueth and Regev, 1974, and Re Iche1derfer and 
Bender (1979) which use five functional relationships to model 
the problem: (1) a pest population growth function, (2) a 
pesticide kill function, (3) a function relating pest 
population to crop damage, (4) a product yield function, and 
(5) a pesticide cost function. 
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Lodwick, 1985). Research on the parameters of the the pest 
control problem Information represents an Important means of 
reducing this uncertainty thereby reducing tiie the frequency 
of application. Research Information, therefore allows the 
substitution of research and extension Information for 
pesticide applications (Pingali and Carlson, 1985; Norgaard, 
1976b). 
The CIAWO pest control program Integrated pest 
management (IPH) programs, such as the one established at 
CIANO, Involve "detailed study of population dynamics to 
provide the biological basis for determining the appropriate 
management strategies and tactics for the economic suppres­
sion or control of pest species" (Frisble and Adklsson, 
1985:41). Norgaard (1976a) noted that IPM research allows 
knowledge to be substituted for pesticides. The research 
program which led to the Implementation of IPH In the valley 
has evolved since Its Initiation In 1983 In a manner that 
appears to be more or less typical of such programs else­
where. Initial research was aimed at learning more about the 
dynamics of aphid populations and the relationship between 
Infestation levels and levels of economic damage.10 
Researchers feel that they now understand this relationship 
'^Personal communication with Dr. Martinez Carrillo, 
CIANO entomologist. 
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between aphids, predator Insects and crop damage In the 
va I ley. 
Farmers (with assistance from extension agents) are 
encouraged to closely monitor both pest and predator Insect 
populations and to use chemical control only after It has 
been established that pest/predator populations are 
imbalanced. Martinez states that his work on wheat now 
focusses on educating extension agents and farmers on his 
research findings and on monitoring insect populations In 
various parts of the valley. During the critical phases of 
the wheat season, newspapers, TV and radio are used to Issue 
advisories on the necessity of spraying based on his popula­
tion estimates. In summary, the research necessary to 
establish an IPH program In the valley has been undertaken, 
and the program has entered the phase of educating farmers 
and extension agents In use of IPM. 
ExtensIon Extension agents play a critical role in 
the decision to spray for insects, and there is evidence that 
they now emphasize IPM. Most producers will not spray until 
their field has been checked by an extension agent. 
Typically the producer will notice the presence of Insects, 
inform the extension agent who then inspects and recommends 
whether to spray or to wait. The extension agents that I 
spoke with were very clear that, based upon seminars given by 
CIANO personnel since 1985, they have increased emphasis on 
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biological rather than chemical control of Insects. In 1988 
an extensive program of induced biological control of insects 
in cotton was promoted. 
Farmers Farmers were also surveyed about their 
frequency of inspection, threshold infestation levels, and 
whether these had changed In the last few years (Appendix 
5C). All sample farmers said that they perform field 
inspections for insects at least once a week. Eighty-nine 
percent of farmers responded that they spray only after they 
feel that the Infestation is such that biological control 
will not be effective, so It seems clear that the principal 
messages of CIANO's insect control program are being 
observed. The survey also asked whether this recognition of 
the potential for natural forces to effectively control, 
insects has changed in the past five years. The result of 
this line of questioning was less clear-cut, but 82 percent 
did state that they were less disposed to resort to chemical 
control than they had been five years ago. On the other 
hand, 80 percent responded that they have not Increased the 
frequency of field inspections for insects. Overall the 
responses to the subjective questions are consistent with the 
changes insecticides use strategy which has been emphasized 
by CIANO researchers. 
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Chapter Summary 
In this chapter ten wheat management practices were 
Identified. It was found that recommendations concerning 
planting method, seeding rate, phosphorus use and Insect 
control have been significantly modified and that minor 
changes In the recommended land preparation and fertilizer 
use practices had occurred. It was concluded that observed 
changes In planting method, seeding rate, and insect control 
were Influenced by CIANO research findings. Changes In 
phosphorus and nitrogen use were observed, but were concluded 
to be unrelated to CIANO recommendations. These results are 
summarized in Table 5.14. 
Table 5.14, Summary of results In Chapter 5 
Change In Change In 
Pract1 ce recommendat1 on? pract1 ce? Causallty? 
Land preparation m 1 nor no 
Planting method yes yes yes 
Phosphorus yes yes no 
Insect control yes yes yes 
Seeding rate yes yes yes 
NItrogen ml nor yes no 
Planting data very minor no — — 
Weed control no — — — — 
Harvest no — — 
Irr1 gat ! on no 
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Appendix SA. Nitrogen Response Function Estimation 
Farmer nitrogen use turns out to be easily explained by 
profit maximization behavior. Table 5A.1 presents the 
results of the estimation of a quadratic nitrogen response 
function. The data for the estimation were taken from 
CIMMYT agronomy program trials which were conducted In 1987, 
1988, and 1989 at the CIANO research station. Response of 
the most popular bread wheat variety In the valley, Opata, 
to five levels of nitrogen was tested In the these trials. 
Two response functions were estimated, with and without 
dummy variables for the year of the trial. 
Equation 1 implies that maximum yield occurs at 253 
kg/ha of nitrogen. At the 1989 nitrogen to grain price 
ratio of 1.5, the profit maximizing level of nitrogen Is 237 
kg/ha. This compares to the 1989 average of 230 kg/ha among 
sample farmers and the average 1989 CIANO recommendation of 
134 kg/ha The CIANO nitrogen recommendations have been 
Inexplicably far from the optimum at least since 1981. The 
observed trend of farmers to move farther and farther from 
the recommended level Is, therefore, consistent with a model 
In which farmers are themselves conducting experiments to 
Identify the appropriate level of Input use. 
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Table 5A.1. Quadratic nitrogen response function estimated 
for the variety Opata 85 
Varlab1e(1)(2) 
INTERCEPT3221.693937.87 
(9.8)(11.93) 
NITROGEN 24.88 26.36 
(5.7) (4.97) 
NITROGEN SQUARED-.04923-.05289 
(3.57) (3.15) 
DUMMY 1987 1527.85 
(4.59) 
DUMMY 1988 742.18 
(2.23) 
R SQUARED .74 .60 
Imp I Ied opt I mum 
(kg/ha) at 1989 prices: 237 235 
42 total observations 
Numbers In parentheses are t-values. 
Source of data; CIMMYT agronomy program varietal trials. 
Trials were conducted In three years, three replications at 
each nitrogen level. 1987 and 1988 trials used 0, 75, 150, 
225, and 300 kg/ha of nitrogen, 1989 used 0, 75, 150, and 
300 kg/ha 
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Appendix 58. A Model of Phosphorus Use 
Two questions are relevent In considering the 
discrepancy between farmer use of phosphorus and the 
recommended practice. First, why do such a large proportion 
of farmers apply phosphorus? And, second, why do so few 
perform soil tests? The first question can be examined by 
considering a payoff matrix with three possible actions and 
two possible states of the world. Farmers can choose one of 
three strategies: 
1) Apply phosphorus - no test performed (phosphorus 
strategy) 
2) Don't apply or test (no phosphorus strategy) 
3) Test and follow the recommendation (test strategy) 
Assume that net Income Is $450,000 per ha when adequate 
phosphorus Is available, that phosphorus deficiency reduces 
yield by 400 kg/ha, and that the application of 46 kg/ha of 
phosphorus, at a cost of $39,500, removes any phosphorus 
deficiency.'' Assume furthermore that soil tests are both 
accurate and free. Under these assumptions the phosphorus 
application payoff matrix Is Table 58.1. The phosphorus 
strategy results In a constant net Income of $450,000 -
$39,500 = 410,500. The no phosphorus strategy results In a 
net Income of $ 4 5 0 , 0 0 0  If available phosphorus Is adequate, 
but when available phosphorus Is deficient, net Income Is 
''The 400 kg./ha. response to phosphorus Is considered 
to be a reasonable point estimate by Or. Jaime Uvaile, ClANO 
soil scientist and Is approximately equal to the point 
estimate from my response function estimates to be presented 
In Chapter 4. 
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Appendix SB. A Model of Phosphorus Use 
Two questions are relevent In considering the 
discrepancy between farmer use of phosphorus and the 
recommended practice. First, why do such a large proportion 
of farmers apply phosphorus? And, second, why do so few 
perform soil tests? The first question can be examined by 
considering a payoff matrix with three possible actions and 
two possible states of the world. Farmers can choose one of 
three strategies: 
1) Apply phosphorus - no test performed (phosphorus 
strategy) 
2) Don't apply or test (no phosphorus strategy) 
3) Test and follow the recommendation (test strategy) 
Assume that net Income Is $450,000 per ha when adequate 
phosphorus is available, that phosphorus deficiency reduces 
yield by 400 kg/ha, and that the application of 46 kg/ha of 
phosphorus, at a cost of $39,500, removes any phosphorus 
deficiency.'' Assume furthermore that soil tests are both 
accurate and free. Under these assumptions the phosphorus 
application payoff matrix Is Table 58. 1. The phosphorus 
strategy results in a constant net income of $450,000 -
$39,500 = 410,500. The no phosphorus strategy results in a 
net income of $450,000 If available phosphorus Is adequate, 
but when available phosphorus is deficient, net income is 
''The 400 kg./ha. response to phosphorus Is considered 
to be a reasonable point estimate by Or. Jaime Uvalle, CIANO 
soil scientist and is approximately equal to the point 
estimate from my response function estimates to be presented 
In Chapter 4. 
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Table 58.I. Payoff matrix assuming 400 kg/ha response to 
phosphorus 
Act IonsI 
Apply No Test 
(I) (2) (3) 
States I 
Deficient 410,500 292,000 410,500 
Adequate 410,500 450,000 450,000 
Table 58.2. Value of soil test Information 
ProbabII Ity 
of phosphorus E(n)  E(it) Test 
deficiency apply test value 
100% $ 410,500 $ 410,500 $ 0 
90% 410,500 414,450 3,950 
80% 410,500 418,400 7,900 
70% 410,500 422,350 11,850 
60% 410,500 426,300 15,800 
50% 410,500 430,250 19,750 
40% 410,500 434,200 23,700 
30% 410,500 438,150 27,650 
20% 410,500 442,100 31,600 
10% 410,500 446,050 35,550 
0% 410,500 450,000 39,500 
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Just $292,000 ($450,000 minus the value of the 400 kg yield 
reduction). Since testing allows the farmer to always 
choose the best action and Is free, column (3) is the 
highest value for each state from columns (I) and (2). 
The unconditional expected payoff for each strategy 
depends on the probability of each state of nature 
occurring. In Figure SB.I the expected payoffs for the 
phosphorus and no phosphorus strategies plotted against the 
probability of soil phosphorus deficiency. The expected 
income from the phosphorus strategy Is unaffected by the 
probability since Income is the same under both states. The 
payoff to the no phosphorus strategy is quite sensitive to 
the assumed phosphorus response, so two cases (200 and 400 
kg/ha) are shown. If the response Is Just 200 kg/ha the 
phosphorus strategy has a higher expected value than the no 
phosphorus strategy when the probability of phosphorus 
deficiency Is 50 percent or more. If the response Is 400 
kg/ha a phosphorus strategy dominates (2b) when the 
probability Is thirty percent or more. 
Experimentation with not applying phosphorus is also 
relatively expensive for farmers with beliefs in the 60% and 
above range. In addition, the expected income from strategy 
(1) has a zero variance, while the variance of strategy (2) 
Is quite large. This would seem to explain why we see many 
more farmer applying than not applying phosphorus. 
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But why aren't producers testing for phosphorus 
deficiency? A risk neutral farmer who applies phosphorus 
should be willing to pay the difference between the expected 
Incomes of the phosphorus strategy and the test strategy. 
This sum fs equal to the fertilizer cost times the proba­
bility that sufficient phosphorus Is already present. These 
values are given In Table 5B.1. A producer, for example, 
who believes there to be a 60 percent chance of phosphorus 
deficiency would be willing to pay up to $15,800 per hectare 
for reliable test Information. This is less than the cost 
of a test In Sonora, but if the test Information can be 
generalized to more than one hectare, it seems that we 
should have observed many more farmers performing soil 
tests. The answer to why more farmers are not testing lies 
In the fact that the tests are not considered to be 100 
percent reliable, so that testing will not always lead to 
the correct action. 
What is the impact of the imprecision of the test 
results on the value of the test information? The dif­
ference in the expected payoff between the apply and the 
test strategies for different levels of confidence in test 
results Is shown in Figure 58.2.'2 Here it is seen that the 
I^Accuracy has been defined as the probability of 
detecting the correct nutrient state - 80% accuracy means 
both that 80% of time a deficiency will be detected and that 
80% of the time adequate phosphorus will be determined. 
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payoff from the test strategy Is less than the payoff from 
the apply strategy for a wide range of assumptions about 
test accuracy and probability of phosphorus deficiency, even 
when the test Is free. In fact If farmers believe that 
there Is a 50 percent chance of phosphorus deficiency, they 
would have to have to be confident that test results are 
correct three out of four times to choose to test. 
Under what combinations of beliefs about test 
reliability and probability of phosphorus would a producer 
choose to purchase a soil test? Several "I so-expected 
return" curves are drawn In Figure SB.3. These curves 
represent the combinations of test reliability and 
phosphorus deficiency probabilities that make returns to the 
test and phosphorus strategies equal, given a 3,000 peso per 
hectare test cost. The straight line is the curve for a 200 
kg/ha yield response, the other curves represent 300 and 400 
kg/ha responses. For configurations of probabilities below 
a given curve, the test strategy has a higher expected value 
than the apply strategy. 
Unfortunately the distributions of probability beliefs 
among survey farmers is unknown. We know only that 87 
percent of farmers chose not to test in 1989. Does It seem 
likely that this proportion of farmers fall below the curve? 
The no test area is large relative to the test area under 
all response assumptions. So It Is quite possible that 87 
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percent of farmers may have subjective beliefs that would 
put them In the no test area. Again, the phosphorus 
strategy Is In some sense a zero risk strategy, while the 
variance of results from the test strategy Is much larger. 
Putting a risk premium on the additional uncertainty 
associated with the test strategy would have the effect of 
shifting the curve up, further reducing the size of the test 
area. 
One implication of the above analysis is that the 
current emphasis on research focussed on obtaining more 
precise response information may be misguided, and that 
research aimed at reducing uncertainty about the probability 
of response would be of more use to farmers. Current 
research focusses on precisely measuring the response of 
output to incremental phosphorus applications. The proba­
bility of response Is strongly conditioned by relatively 
easily identified factors such as field history and soil 
type, yet current CIANO recommendations provide no guidance 
to farmers on incorporating such Information into response 
probability formulation. 
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Appendix SC. Subjective Questions on Adoption of IPH 
Who makes the decision to apply insecticides? 
18% Extension Agent/ tecnico 
25$ Farmer  
57% Joint decision after consultation with extension 
agent 
Who is generally the first to notice insect infestations? 
61% Farmer 
34% Extension agent 
4% Both 
Are you more disposed to apply insecticide without verifying 
that there is a serious infestation now than you were five 
years ago? 
6% More disposed 
82% Less disposed 
13% No change 
Are you inspecting for insects more frequently than you were 
five years ago? 
80% No 
20% Yes 
How do you decide when It Is necessary to spray for insects? 
1% Apply every year to prevent problems. 
10% Let the extension agent decide. 
89% Spray when biological control seems not to be 
functioning. 
Which of the following statements Is most representative of 
your feelings about Insect control? 
3% Prefer to spray to prevent future Insect problems. 
97% Prefer to spray only in years when I see that 
biological control is not controlling the problem. 
Has your response to the previous question changed in the 
last five years? 
94% No 
6% Yes 
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CHAPTER 6. ESTIMATION OF CHANGES IN VARIABLE PROFIT 
Introduction 
In Chapter Five two wheat management practices—method 
of planting and the use of Insecticides—that have been 
modified based on the results of CIANO research were 
Identified.! The objective of this chapter Is to quantify 
the Impact of each of these changes on quasf-rent. The 
chapter consists of two main sections. The first section 
discusses the model used to calculate the total benefit 
derived from the change In planting method. The second 
section analyzes the change in pesticide use and calculates 
the total benefit from this innovation. In Chapter Seven 
these total benefit estimations will be combined with the 
research cost estimates to calculate the Internal rate of 
return to crop management research. 
Measuring the Impact of the Change of Planting Method 
The new planting method has been promoted primarily on 
the grounds of allowing a reduction in weed control costs 
(Moreno, Salazar, Gomez and Mendoza, 1980). A yield 
function will be used to model the relationship between 
wheat yield, physical Inputs, weed competition, and weed 
control actions. Success of the modelling effort depends, 
'Farmers were also found to have reduced their seeding 
rate. This will be considered Jointly with the change In 
planting method. 
143 
of course, on choosing the appropriate conceptual and 
empirical models and upon availability of the data necessary 
for the specification of the model. Each of these issues 
will be addressed below, beginning with a discussion of the 
conceptual framework. 
Planting method, weed control 
and wheat profitability 
Weeds reduce crop yield by competing for resources of 
water, mineral nutrients and light (Auld, Menz, and TIsdell 
1987). Their control Is one of the major problems facing 
wheat producers In the Yaqui Valley (Moreno, 1989) as well 
as in other major wheat growing areas (Hussain, 1989; Taylor 
and Burt, 1984). Chemical, mechanical and hand weed control 
methods are widely used by farmers In the Yaqui Valley. An 
advantage of the surco. or bed planting, method Is that the 
presence of an open furrow between every two or three rows 
of wheat makes it possible to substitute mechanical for 
chemical weed control and hand weeding becomes more 
efficient. This option of reducing reliance on herbicides 
is especially valuable given the problems associated with 
chemical control of grassy weeds noted by Byerlee and Flores 
(1981). The anticipated Impact of adoption of the new 
planting method, therefore. Is an Increase In the cost 
efficiency of weed control resulting in a lower unit cost of 
production. 
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Figures 6.1 and 6.2 show the hypothesized change In the 
effectiveness of weed control expenditures for the switch 
from traditional to bed planting methods, holding Initial 
weed Infestation constant. Under the new planting method, a 
given weed control expenditure provides a larger reduction 
in weed density than it would under traditional planting 
methods (Figure 6.1). This shifts the yield response curve 
up (Figure 6.2). The main effect of this shift Is that weed 
control expenditures are reduced. Depending on the precise 
shape of the response curve and the relative price of weed 
control inputs, the profit maximizing yield may also 
increase. 
To measure this effect empirically the relationship 
between wheat yield, physical inputs, weed competition and 
weed control actions must be modelled. Taylor and Burt 
(1984) specified a model which emphasizes the dynamic nature 
of the weed control problem. They derived a decision rule 
for the optimal control of wild oats in spring wheat In 
Montana. In their model the quantity of weeds germinating 
In year t Is a function of weed Infestations in past years. 
This formalizes the point that present weed populations and 
yields depend on past weed control actions. The model 
developed by Taylor and Burt is similar to the following. 
A 
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WEED CONTROL EXPENDITURES 
Figure 6.1. Effect of change In planting method on weed density 
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fgure 6.2. Relationship between yield and weed control expenditur 
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Gt = aSt + t 0<a<1(6.1) 
W-t = h(Gt, Rt» Pt) + ft(6'2) 
Yt » z(Wti Xt» Et» Vt» Ct) + #t(6.3) 
where: 
Gt = number of weeds germinating in year t 
St = number of weed seeds present in topsoil at 
beginning of year t 
Wt = weed density 
Rt = weed control inputs (herbicides, labor) 
Pt = weed control practices (planting in beds) 
Yt = wheat yield In year t 
Xt = yield increasing inputs (fertilizer, machinery 
services, etc.) 
Et = management input 
Vt = varietal yield potential 
Ct = weather 
<t« #t' t = random error terms 
Equation (6.1) states that a given proportion of the 
seeds which are present in the soil at the start of the 
season germinate.2 In (6.2) the level of weed competition 
provided for the wheat crop depends upon both the number of 
weeds germinating and the weed control actions taken during 
the present season. The Index Wt represents the degree of 
competition by weeds during the growing season. As such. In 
addition to density, It should capture other characteristics 
of the weed population such as blomass, the number of days 
that the weeds were present at each stage of crop develop­
ment and the weed species. Some studies (Marra and Carlson, 
1983; O'Sulllvan, Kossatz, Weiss and Drew, 1982) however. 
^Note that the implicit relationship between St-i and 
past weed control practices has not been specified. 
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have used counts of weed plant density as an empirical proxy 
for weed competition. It might also be noted that the 
effect of the weed control measures taken depends upon both 
measurable factors, such as quantities of herbicides, and 
difficult to measure factors such as the timing and manage­
ment of the weed control measures employed. Finally, In 
equation (6.3) yield Is expressed as a function of conven­
tional Inputs and of weed competition. 
Our interest Is in obtaining an estimate of the 
marginal yield Impact of the bed planting method when all 
other Inputs are held constant. This can be derived once 
(6.2) is substituted Into (6.3) to obtain (6.4) (below). 
Yield Is seen to depend, in addition to conventional Inputs, 
on weed control Inputs and practices (including planting In 
beds) and on the quantity of weeds germinating. The per 
hectare marginal value of the innovation is simply 
( Y/ P)Pw, where Py, is the price of wheat. 
Yt = f(Gt, Rf Pf Xt, E, Vf Ct, ft) + (6.4) 
The presence of Gt in (6.4), however, presents a 
significant estimation problem since Information on weed 
germination is not available In our data set. It Is In any 
case a difficult variable to measure since weeds germinate 
continuously throughout the growing season. If , or some 
proxy, is not included in (6.4), we have omitted a variable 
and OLS estimates of the coefficients of included variables 
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may be biased. Equation (6.1) might be substituted for 
in (6.4), to show that Information on soil weed seeds can be 
substituted for information on weed germination. This is 
small consolation, though, since that information was not 
collected either. depends upon, among many factors, past 
management practices (Wall et al.), so the best hope for 
capturing some of the effect of weed density Is to include 
variables representing past field management. 
What can be said about the expected coefficient biases 
of (6.4) if G-t (or a reasonable proxy) is not included? 
Pindyck and Rublnfeld (1981, p. 128) present a two variable 
regression model (which generalizes directly to cases with 
more than one regressor) which shows that the direction of 
the bias of the coefficients of the included variables ( 
and Pt) is determined by the relationship between the 
included and the excluded variables and the sign of coeffi­
cient of the excluded variable ;n the correct specification. 
In this case both Rt and P^ would be expected to be posi­
tively correlated with Gt and Gt would have a negative 
coefficient If It were Included In the regression. A 
downward bias of the coefficients of both Included variables 
related to weed control can therefore be expected. 
Enpfrical Model Specification 
Many options exist for choosing a functional form for 
the yield function. Statistical and economic criteria 
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require that this choice be guided by consideration of: 1) 
particular maintained hypotheses, 2) estimation and data 
requirements, and 3) the application to which the estimate 
will be put (Griffin, Montgomery, and RIster, 1987). While 
the potential exists for formally Incorporating at least 
some aspects of these criteria Into the choice of functional 
form. In practice an unambiguous "best" form Is unlikely to 
result from such testing (Thompson, 1988). Additionally, 
such procedures constitute a form of pre-testing and so 
carry the penalty of producing test statistics with unknown 
sampling properties (Judge et al. 1985, pp. 885-888). 
Empirical studies, therefore, have tended to rely on the 
analyst's understanding of the problem at hand and the 
Informal consideration of the strengths and weaknesses of a 
subset of the available functional forms. This was the case 
In this study where two forms were considered - one flexible 
form and one restrictive but widely used form. 
The empirical model of the change In planting method 
must capture the effects of five classes of variables on 
wheat yields. These yield-Influencing factors are physical 
inputs, differences In varietal potential, weather effects, 
management, and agronomic practices. The ability to Include 
dichotomous variables Is especially important given our 
Interest In differences In yields between users and non-
users of the surco planting method. The two forms that were 
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considered were a trans log formulation and a modified Cobb-
Douglas form (equation 6.5). The trans log formulation, of 
course, has the advantage of imposing no restrictions on 
elasticities of substitution. For my data set, however, 
unresolvable multicolIinearty problems resulted. When 
equation (6.5), was fitted, it provided good statistical 
results and easily Interpreted parameter estimates. 
Equation (6.5) is th.e basis for all of the analysis to be 
discussed below. 
Y = A .§1 .§16 g e (6.5) 
1. — 1 J — 1 
The survey data from 1981 and 1982 did not obtain 
reliable yield information, so estimation was conducted 
using 125 observations pooled from the 1987 and 1989 
surveys. These two years offer a contrast in growing 
conditions. Weather conditions in 1987 were extremely 
favorable, resulting in the highest average wheat yields 
ever experienced In the valley. The below average harvest 
of 1989, on the other hand, surprised both farmers and 
scientists. Weather conditions appeared to be ideal and 
produced abundant plant growth. Poor grain filling and low 
specific grain weight, however, resulted in a low harvest 
index and low yields. This contrast in yields and the 
difficulty in modelling this stochastic weather effect means 
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that OLS estimation may result In heteroscedastic disturb­
ances. This Is an effect that will be tested. 
Variable definition 
Yield The dependent variable Is the natural log of 
yield (kg/ha). Yield Information was collected by question­
ing of farmers, rather than by performing crop cuts or other 
methods to directly measure yield.3 
Physical Inputs The motivation for the estimation 
of the yield function, of course. Is to be able to Isolate 
the effect of the change In planting method on per hectare 
net returns. To accomplish this, all variable physical 
Inputs to which there Is thought to be a yield response must 
be Included, while fixed Inputs which do not affect yields 
can be Ignored. In the YaquI Valley the principal purchased 
Inputs are seed, fertilizer, water, machinery services, 
chemical Insecticides and pesticides, and labor. Of these 
inputs seed, water, chemical insecticides, and labor were 
not Included directly in the final estimations. Seeding 
rate and water were not Included because yield response Is 
extremely low within the range of variation present in the 
observations.^ Insecticide use Is not included since its 
3 Poate (1988) concluded that Information from farmers 
provides as accurate of yield estimates as other methods. 
^For seeding rate, Moreno (1989) for example finds no 
yield response at densities beyond 40 kgs/ha, while the 
range for our sample Is from 70 to 210 with a mean of 156 
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yield effect Is conditional on Insect Infestation level and 
this Information Is not available.5 Labor Is not Included 
as a separate variable, but Is a component of machInery  
services and weed control expenditures. 
The physical Inputs that are Included are nitrogen, 
phosphorus, land preparation, and weed control Inputs. 
Nitrogen Is measured as actual dosage (in kg/ha) while 
phosphorus Is Included as a dichotomous variable based upon 
the results presented In Chapter 5 which showed that there 
was no variation In dosage among farmers who applied 
phosphorus. The land preparation variable Is the sum of 
mechanical operations performed weighted by their 1989 
rental price. The weed control variable Is the sum of 
chemical, mechanical, and manual Inputs again weighted using 
1989 prices. The nitrogen, land preparation and weed 
control variables were Included In natural log form. 
kgs. Seed rate Is also highly correlated with planting 
method (r= -.69). This high correlation would make 
Inference about the parameter values for either of the 
variables difficult (Farrar and Glauber, 1967). Considering 
that planting method Is the variable of principal Interest 
and that It Is considered more likely to Influence yield, 
seeding rate was excluded. 
SThls lack of Information on Insect populations 
presents a second omitted variable problem. In this case. 
It seems unlikely to bias other coefficient estimates since 
there Is no reason to believe that either Insect Infestation 
or Insecticide use Is correlated with any Included 
variables. Estimation was attempted with Insecticide 
expenditures Included, but the coefficient was not 
significantly different from zero. 
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Weather and varietal effects The effect of weather 
on yield was captured In two ways. Planting date Is 
Included as the log of the number of days after November I. 
The effect of weather differences between the 1987 and 1989 
growing seasons Is captured Jointly with the difference 
between durum and bread wheat yields by Including dummy 
variables by year for each class of wheat. These weather/ 
varietal dummies, therefore, represent the difference In 
yield relative to bread wheat planted In 1989. 
Agronomic practices Three dummy variables for 
agronomic practices are Included. The variable SURCO Is set 
to one If the field was planted In beds. The other two 
agronomic variables are Included solely In an attempt to 
mitigate the effect of the omitted variable problem 
discussed above. Two Important cultural strategies for weed 
control In the YaquI Valley are the use of preplanting 
Irrigation and the use of a rotation which Includes a row 
crop (Byerlee and Flores, 1981). Both strategies are 
effective because they allow weed seeds to germinate but 
prevent the weed plants from producing seeds, thereby 
reducing the soil weed seed population In subsequent years. 
As proxies for seed population, therefore, PREIRR represents 
fields that have been planted using pre-Irrigation for two 
or more years while ROTATION represents fields In which the 
previous crop was either cotton, safflower or soybeans. 
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Management and access to Information Educational 
achievement, access to extension advice, and other socio­
economic factors have been shown in many previous studies to 
act as good proxies for the management input into production 
(Huffman, 1974, 1977; Moock, 1981} Jamison and Hoock, 1984, 
Pudasaini, 1983; Lockheed, Jamison and Lau, 1980). The 
study area, however, differs from the areas of either 
developed or developing countries where previous studies 
have been done in several aspects, so some experimentation 
with variable definition to capture differences in manage­
ment and access to information was necessary. The unusual 
aspects of the study area are (a) the wide dispersion of 
years of schooling;® (b) the Intensity of extension 
contact;? and (c) the presence of the distinct forms of land 
tenure. Many of the studies cited above also show that 
education and extension contact Interact. In the final 
specifications education Is included both as a separate 
effect by using a dummy for farmers with a college degree, 
and as an interaction effect with extension. The Interac­
tion term is defined as the natural log of the product of 
®More than 35 percent of the sample has less than three 
years of formal education, while at the other extreme, 
nearly 20 percent are college graduates. I am aware of no 
other study which has had such a distribution. 
^Extension advice from the public extension service is 
available on demand. In 1989, 65 percent of sample farmers 
took advantage of this availability by scheduling weekly 
extension visits. 
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the number of years schooling times the number of extension 
visits per month. Extension Is also Included Individually 
as the number of visits per month. 
The effect of tenure on yield was modelled using dummy 
variables for the collective ejidos (ECs) and for non-ejido 
(NEs) farmers. Both the collectives and the private farms 
are much larger than the Individual eJIdos (Els), but these 
farms also differ from the Els In other characteristics. 
The NEs as a group generally have more education than either 
of the ejido groups. The ECs offset this educational 
disadvantage through the use of technical advice provided by 
extension agents. The Els have both less schooling and less 
extension contact. The dummy tenure variables might capture 
several of the disadvantages that the Els face relative to 
the other tenure groups. Including restricted liquidity and 
access to machinery. 
Estimation results 
In this section, results from the fitted yield response 
functions will be presented and discussed. In addition to 
parameter values, the principal uncertainties to be resolved 
with the empirical specification of equation of (6.5) 
Involves examining for heteroscedastIcIty and determining 
the best combination of management and access to information 
variables to be included. 
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The Go IdfeId-Quandt test was used to test model (1) of 
Table 6.1 for heteroscedastIcIty (Judge et al., p. 449, 
1985). The null hypothesis of homoscedastIc1ty was rejected 
at the five percent significance leve|8. In the presence of 
heteroscedast{c disturbances OLS estimation results In 
unbiased and consistent parameter estimates but the 
estimated standard errors are biased estimators of the true 
variances (Pindyck and Rubinfeld 1981, p. 141). White's 
(1980) least squares covariance matrix estimator was 
subsequently employed (using SHAZAM econometrics program) 
for all estimations to achieve asymptotically valid standard 
errors. 
The restriction that the coefficients of the collective 
ejido and private farm dummy variables are equal was tested. 
This hypothesis was not rejected for model (1), so this 
restriction was imposed for all other models.9 
Models (2) through (4) (Table 6.1) respectively, omit 
tenure, extension, and both tenure and extension variables 
from the specification. Model (5) is presented to show the 
effect of the exclusion of the weed seed population proxy 
variables. Overall, the exclusion, of the various sets of 
^The actual test statistic value was 28.72 distributed 
as an F(3,3). 
^The test of the restriction for model one resulted in 
a test statistic value of .436. The 5% critical F for the 
test is 3.92. 
Table 6.1. Yfeld^ function results 
(I) (2) (3) (4) (5) 
In DATE -.81 -.088 -.079 -.089 -.084 
(2.69)**" (2.78)*** (2.60)** (2.77)*** (2.83)*** 
DURUM 89 -.022 -.010 -.017 -.001 -.024 
(0.66) (0.31) (0.51) (0.03) (0.71 
BREAD 87 . 143 . 158 . 154 .171 . 138 
(2.57)** (2.80)*** (2.90)*** (3.16)*** (2.47)** 
DURUM 87 .239 .247 .236 .244 .239 
(5.70)*** (5.64)*** (5.37)*** (5.32)*** (5.70)*** 
PHOSPHORUS .084 .073 .087 .078 .086 
(2.12)** (1.83)* (2.16)*' (1.92)* (2.14)** 
In NITROGEN .007 .022 -.002 .017 .008 
(0.09) (0.31) (0.02) (0.24) (0.11) 
In WEED -.008 -. 006 -.008 -.007 -.008 
(1.70)* (1.38) (1.81)* (1.48) (1.72)* 
InPREP .108 . 119 .115 . 123 . 106 
(1.98)** (2.11)** (2.08)** (2.15)** (1.93)* 
SURCO .034 .034 .037 .037 .029 
(1.21) (1.17) (1.31) (1.27) (1.06) 
COLLEGE .072 .085 .077 .089 .071 
(2. 11)** (2.35)** (2.09)** (2.27)** (2.13)** 
PRIVATE .079 .081 .077 
(2.32)** (2.40)** (2.34)** 
^Dependent variable Is natural log of yield in dg/ha. Numbers in 
parentheses are t-value calculated using White's Heteroscedastic-Consistent 
Covarlance Matrix method to estimate the coefficient standard errors. One, 
two, and three asterisks represent significantly different from 0 at .10, 
.05, and .01 levels. 
Table 6.1 (continued) 
(I) (2) (3) (4) (5) 
COLLECTIVE .079 .081 .077 
(2.32)"" (2.40)"" (2.34)"" 
EXTENSION .002 .004 .002 
(0.92) (1.53) (1.07) 
In EO*EXT -.018 -.021 -.108 
(1.71)" ( 1 .97)" (1.74)" 
PRE-IRR -.015 -.010 -.020 -.017 
(0.48) (0.30) (0.64) (0.52) 
ROTATION .004 .012 .007 .019 
(0. 12) (0.36) (0.31) (0.59) 
CONSTANT 7.433 7.273 7.334 7.212 7.451 
(9.72)""" (9.46)""" (9.71)""" (9.50)""" (9.68)""" 
R2 .383 .353 .372 .339 .382 
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management and Information variables has little effect on 
the other estimated coefficients. Each set of excluded 
variables results In a modest decrease In the R2, but the 
coefficients and standard errors of the remaining variable 
are stable. The remainder of the discussion of the parame­
ter estimates will focus on Model (1). 
Overall the results are satisfactory. The model has a 
reasonable amount of explanatory power. Parameter estimates 
conform closely with the expectations which were generated 
while the survey field work was being performed, the 
majority of estimated coefficients are significantly 
different from zero and with the exception of weed control 
expenditures, all parameters have the expected signs. The 
magnitudes of most coefficients also seem reasonable. 
Climatic and varietal effects are Important In explain­
ing the variance of yield. The yield difference between 
bread and durum wheat varieties was large In 1987, but 
negllgable In 1989. Planting date also had a significant 
Impact on yield. 
The coefficient of nitrogen Is not statistically 
different from zero. This Is probably due to that the fact 
that nitrogen Is applied In three forms (granulated, 
Injected gas, and gas bubbled through the Irrlgalon water) 
and at various stages of production (pre-planing through 
second Irrigation). The yield response to phosphorus agrees 
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closely with experimental results,'0 Implying a yield 
response of 477 kg to the application of 46 kg of phos­
phorus. The mean production elasticity for land preparation 
expenditures of 0.11 closely corresponds with profit 
maximization behavior.'' 
The results Indicate that, at the same level of other 
inputs, college educated producers obtain seven percent 
higher yields than those who have not graduated from 
college. The collective ejidos and private property owners 
obtain about eight percent higher yields than the individual 
elidatarios. Extension by Itself appears to have a very 
small effect on yield, and education and extension are 
substItutes. 
The only coefficients whose signs do not conform to a 
priori expectations are those of weed control expenditures 
and of the dummy variable for the use of pre-Irrigation. 
The production elasticity of the WEED variable Is very 
small. Both of the proxy variables for weed seed population 
had large standard errors relative to the coefficient values 
but were retained in all models In an attempt to reduce the 
'^Personal communication with Dr. J. X. Ouvalle Bueno, 
CIANO soil scientist. 
IIAt the mean, a 1 percent Increase in expenditures on 
land preparation would cost 2,220 pesos and would increase 
revenue by 2271 pesos. 
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bias of the weed control variable coefflents.12 & 
comparison of model (5) to model (1) shows that the choice 
of proxies for weed seeds was only modestly successful. 
Following the earlier discussion of the expected bias effect 
of the exclusion of the weed seed variable. It is expected 
that the Inclusion of the proxies would cause the coeffi­
cients of SURCO and WEED to Increase. The SURCO coefficient 
does Increase slightly in value, but the WEED coefficient 
increases (becomes less negative) by only 0.4 percent and 
still has the Implausible negative sign. 
The coefficient of primary Interest is that of the 
SURCO, or bed planting method variable. This fs Included as 
a dummy variable equal to one for those using the method, 
and equal to zero otherwise. The estimated coefficient 
indicates that, holding all other Inputs except seeding rate 
(which was not Included In the yield function estimation) 
constant, the adoption of the new planting method provides a 
3.4 percent yield advantage. This seems to be a reasonable 
value, but the coefficient estimate is significantly 
different from zero at only about the 80 percent confidence 
level. Since the impact of the surco planting method is an 
important element of the subsequent analyis, the yield 
IZOnce this case we are willing to accept the 
consequences of the possible inclusion of irrelevant 
variables (Inflated standard errors for all Included 
variables) for the possible reduction in bias that the 
variables might afford (Judge et. al., p. 857, 1985). 
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function estimate will be compared with a value estimated 
From a calculated partial budget In the following section. 
Comparison of partial budget and yield function results 
A partial budget for the bed planting method which was 
prepared by CIANO agronomists at the time that the innova­
tion was first being promoted in 1980 Is presented In Table 
6.2a. At that time, experimental results indicated that 
yields would be slightly lower for wheat planted In beds 
than for wheat planted in the traditional manner, but that 
this yield reduction would be offset by significant cost 
savings. In Table 6.2b, an 'ex-post' partial budget which 
was prepared using 1989 survey sample averages Is presented 
Both budgets give an average net revenue difference of 
approximately 95,000 pesos between the two planting methods 
based on average gross revenues of about two million pesos. 
The cost savings estimated from the partial budgets Is 
equal to about 4.6 percent of gross revenues. The yield 
function estimates Implied a 3.4 percent Increase In net 
output, but there Is one input, seeding rate, whose use 
varies between the planting methods that is not Included In 
the regression estimation. The value of the 50 kg/ha of 
seed that are saved is approximately 47,500 pesos, or 2.3 
percent of the value of production, giving a net advantage 
of approximately 116,000 pesos, or 6.7 percent of the value 
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Table 6.2a. Partial budget adapted from Morena, Salazar 
and Mendoza (1980) 
Surco Traditional 
Costs that vary: 
Preparation of canals $ 171,332 $ 167,279 
Seed 57,000 123,500 
Herbicides — 143,127 
Hand weeding 20,000 
Cultivation 36,000 
Total costs that vary $ 284,332 $ 433,906 
Yield (kg/ha) 5,534 5,668 
Total revenue $1,992,240 $2,040,480 
(at $ 360/kg)a 
GHard red winter wheat gulf port price converted at 
official exchange rate. 
Source: Moreno, Salazar, and Mendoza (1980). 
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Table 6.2b. Partial budget using 1989 survey data average 
expenditures 
Surco Traditional 
Costs that vary: 
Land preparation 
Seed 
Herbicides 
Hand weeding 
Cultivation 
$ 231 ,388 
117,608 
7,808 
1 1,663 
18,000 
$ 220,420 
164,094 
21,762 
20,832 
Total costs that vary $ 386,467 $ 427,109 
Yield (kg/ha) 5,254 5,1 18 
Total revenue $1 ,891,440 $1 ,842,480 
(at $ 3 6 0 / k g ) a  
Difference In net revenues $ 8 9 , 6 0 2  
®Hard red winter wheat gulf port price converted at 
official exchange rate. 
Source: Survey data. 
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of production. Table 6.3 compares the results of the 
partial budget and yield function approaches. 
Diffusion of planting In beds 
The second element of the benefit calculation for the 
change in planting method is the total area sown on beds. 
Retrospective questioning was used to trace aggregate 
adoption levels through 1989. This diffusion curve up to 
1989 is steep, indicating that the ceiling diffusion level 
will occur several years after 1989. An estimated logistic 
diffusion equation was used to predict the future path of 
diffusion.13 Three logistic diffusion curves, assuming 
different eventual diffusion ceilings, were estimated.14 
Equation (6.6) is the fitted equation under the assumption 
that 60 percent of producers will eventually adopt the new 
planting method. In 1989 35 percent of wheat area was 
estimated to be under the Innovation, so a further Increase 
of 25 percent seems reasonable given the profitability and 
rate of adoption of the Innovation in recent years. The 
observed adoption levels for 1980 - 1989 and the fitted 
equation are shown in Figure 6.3. 
13See Jarvis (1981) for a further Illustration of the 
use of an estimated logistic curve for projection of future 
adopt i on. 
'^These three diffusion curves will be used In Chapter 
7 to test the sensitivity of the rate of return to CMR 
Investment to the celling adoption assumption. 
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Table 6.3. Comparison of methods of calculating the value 
of change In planting method 
Partial budgeting 
Reduction In cost of production: $ 40,642 
Increased yield: 
Yield function 
48,960 
Increased yield $ 63,097 
Seed savings® 47,500 
Tota 1 $1 10,597 
^Seed must be added In because It was not accounted for 
in the estimated yield function. 
F TIED 
•iHiiiii actual 
980 1985 1995 2000 
Figure 6.3. Actual and projected aggregate adoption of planting in beds 
168 
log ((Pt /(0.6-Pt)) = -3.2868 + 0.396t(6.6) 
where fs the percent of farmers planting in beds in year 
t, and 0.6 is the assumed ceiling level of diffusion 
The total area planted to wheat for the years up to 
1989 was taken from official statistics published by the 
Secretary of Agriculture. To project future wheat area, an 
attempt was made to fit a univariate time series model to 
the wheat area data for the 36 years up to 1989. Examina­
tion of the plotted data, autocorrelation function and 
partial autocorrelation function for the series indicated 
that the series was stationary, with no significant auto-
regressive or moving average terms. Total wheat area in 
future years was, therefore, projected to be the mean area 
for the series (123,502 hectares). 
The impact of the change in planting method is sum­
marized in Table 6.4. The total wheat area for the years up 
to 1989 is from the secretary of agriculture, area for the 
years after 1989 Is the average area since 1954. Aggregate 
adoption is taken from the farm surveys for the years before 
1989 and projected using equation 6.6 for the years after 
1989. An estimated 56,000 hectares were planted In surcos 
in 1989, and this is projected to increase by nearly 20,000 
hectares by the end of the period. The total quasi-rent 
generated by the innovation was estimated at more than 5 
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Table 6.4. Estimated area under surco planting method 
and total increase In quasi-rent 
Area Total 
Wheat Aggregate under quasl-
area adopt Ion^ surcos rentb 
Year (ha) (%) (ha) (billions) 
1977 1 15,412 0 0 0 
1978 110,415 0 0 0 
1979 110,415 0 0 0 
1980 69,314 0 0 0 
1981 121,905 4% 4,303 0.41 
1982 153,246 6X 8,609 0.82 
1983 117,135 6% 7,028 0.67 
1984 125,877 8% 9,578 0.91 
1985 157,884 1 1% 16,977 1.61 
1986 156,223 16% 24,667 2.34 
1987 110,302 25% 27,576 2.62 
1988 130,452 29% 37,996 3.61 
1989 158,208 35% 55,750 5.30 
1990 123,502 40% 49,067 4.66 
1991 123,502 45% 55,160 5.24 
1992 123,502 49% 60,191 5.72 
1993 123,502 52% 64,127 6.09 
1994 123,502 54% 67,079 6.37 
1995 123,502 56% 69,224 6.58 
1996 123,502 57% 70,747 6.72 
1997 123,502 58% 71,810 6.82 
1998 123,502 59% 72,543 6.89 
1999 123,502 59% 73,045 6.94 
2000 123,502 59% 73,387 6.97 
2001 123,502 60% 73,619 6.99 
2002 123,502 60% 73,776 7.01 
2003 123,502 60% 73,882 7.02 
2004 123,502 60% 73,954 7.03 
2005 123,502 60% 73,954 7.03 
2006 123,502 60% 73,954 7.03 
^As reported In survey data for years through 1989; 
estimated using equation (6.6) for years after 1989. 
^In contant 1988 pesos, assuming $95,000 per ha cost 
savings. 
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billion pesos In 1989 and should Increase by another 2 
billion pesos. 
The Impact of Changes In Pest Control Practice 
In Chapter Five the effort of the entomology program at 
CIANO to develop and promote an Integrated pest management 
(IPH) program among wheat farmers was discussed. The IPM 
program has provided farmers with more precise Information 
on pest populations and on the use of nonchemlcal means of 
pest control (such as the use of heavy Irrigations). This 
Information has allowed farmers to reduce their reliance on 
insecticides for pest control. The Intensity of insecticide 
use, however. Is also affected by Insect populations which 
are In turn determined largely by stochastic weather events. 
Information on pest populations is not available. Neither 
is Information available on the yield impact of this 
reduction In insecticides. 
The Information which is available for assigning a 
value to the change In pest control practice, therefore, is 
somewhat less satisfactory than that for the change in 
planting method. The problem of Inadequate data for 
quantifying the economic Impact of pesticide management 
programs Is one that has been previously noted by economists 
attempting similar evaluations (Headley, 1985; Webster, 
1987). 
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I will handle the problem In a manner similar to 
Relchelderfer and Bender (1979) and Harper and Zllberman 
(1989). In these studies an average value was assigned to 
the reduced application of pesticides based upon available 
data and it was assumed that no yield loss resulted from the 
lower level of Insecticide use. Fortunately precise 
Information on both the share of farmers applying Insecti­
cides and the per hectare expenditures Is contained In the 
survey data, so the total reduction In Insecticide expendi­
tures on wheat in the valley can be estimated. 
Subjective questioning (Chapter Five) indicated that 
farmers have adopted an IPM approach to Insect control. The 
farm surveys showed that an average of 73 percent of farmers 
applied Insecticides In the two survey years before the 
change In recommendation occurred. In the two surveys 
conducted after the change in the recommendation, the figure 
was 42 percent. The point estimate, therefore, Is that 
insecticides are now used on about 30 percent less wheat 
area than before the IPM program was Initiated. 
The surveys also show that the average per hectare 
expenditure for farmers who applied Insecticides In 1987 or 
1989 was $48,479. The annual value of the pesticide savings 
can be estimated as the average per hectare expenditure 
times an area equal to 30 percent of the wheat area. For 
example, in 1989 Insecticides were estimated to have been 
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applied to 66,448 hectares. If the IPM program had not been 
Instituted, It was assumed that Insecticides would have been 
used on 113,910 hectares. At an average Insecticide cost of 
$48,479 per hectare this results In a total change In quasi-
rent of approximately 2.3 billion pesos ($US 900,000) for 
1989. In Chapter Seven sensitivity analysis will be used to 
test the effect of the size of the assumed pesticide savings 
on the estimated rate of return to CMR. 
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CHAPTER 7. RATE OF RETURN TO CROP MANAGEMENT 
RESEARCH AND EXTENSION 
Introduction 
In this chapter the costs and benefits of the research 
and extension effort are brought together to present the 
estimated Internal rate of return (IRR). The chapter begins 
with the discussion of a base model of the returns to crop 
management research and extension. Sensitivity analysis Is 
then used to examine the effect of some of the model 
assumptions on the calculated IRRs. 
Internal Rate of Return Calculations 
One of the Indicators of Investment efficiency that has 
been most widely reported In previous evaluations of 
research Investments Is the Internal rate of return (IRR). 
The IRR Is the discount rate (I), which satisfies equation 
7. 1. 
Zt (Bt - Ct) / (1+1)t= 0 (7.1) 
Empirical estimates of the level and timing of the cost and 
benefit flows which go Into (7.1) are always subject to some 
Imprecision. There Is no consensus on how to deal with the 
Inherent uncertainty In the estimated flows (Brennon, 1989). 
The approach that I have chosen is to run the model for a 
range of plausible values of the key determinants of the 
cost and benefit flows. The IRR's that result from these 
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runs can then be compared to a base model to Identify the 
assumptions to which the model is most sensitive. 
The base model 
The base model has been constructed using what I 
consider to be the most reasonable values for cost and 
benefit parameters based upon the analysis of Chapters Four-
Six. Key assumptions of this model are: 
(1) The surco planting method results in a cost saving 
95,000 pesos per hectare 
(2) Insecticide use declined by 10 percent a year from 1987 
to 1989, with the reduction remaining at 30 percent for 
all years after 1989. The reduced pesticide levels 
have no effect on yields 
(3) Benefit streams continue until 2006 (30 years after the 
first CHR expenditure) 
(4) No maintenance research expenditures are Incurred after 
1987 
(5) CMR-related extension costs are equal to 50 percent of 
total wheat extension costs 
(6) Extension costs begin two years after research costs 
and continue until 2006 
The first two assumptions are the "point estimates", or 
most likely values, which were derived In Chapter Six. The 
third assumption is somewhat arbitrary, since it is 
impossible to predict when the two innovations will be 
replaced by other practices. Both innovations are in the 
early stages of adoption so the projected life seems 
reasonable and Is within the range of assumptions used in 
previous studies.' Little research has been done on the 
'The number of years that the benefits of varietal 
adoption have been assumed to continue Into the future has 
varied among previous studies. Ayer and Schuh (1972) 
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Importance of maintenance research costs for either crop 
management or crop breeding research. In the base model It 
Is assumed that the continuance of the profitability of the 
two Innovations will require an extension effort (assumption 
6), but no additional research Investment. Finally, It Is 
assumed that half of the total cost of extension services Is 
not directly related to the crop management research effort. 
The base model produces ah estimated IRR of 23 percent. 
The benefits from the change In planting method are large 
relative to other factors In this model (Figure 7.1). The 
annual benefit from this practice Is projected to grow for 
several years after 1989. The benefit flow from the 
adoption of IPM contributes much less to the total return 
since It Is smaller and begins later In the study period. 
The CMR Investment Is relatively small, but obviously occurs 
several years before the peak In the benefit streams. The 
effect of extension expenditures on the IRR Is Important, 
since they are also assumed to have occurred before the 
benefit streams began. 
Sensltfvftv analysis 
The aim of sensitivity analysis Is to observe how 
changes In the values for various parameters affect the 
assumed 19 years; Hertford, Ardlla, Rocha, and Trujillo 
(1977) 8 years; Ardlto Barletta (1971) 16 years; and 
Grillches (1958) a perpetual stream. 
o) o SURCOSI 
IPM 
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EXTENSION - 1  
-2  
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Figure 7.1. Benefit and cost streams under base model assumptions 
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model. Some of the values used In the base model were 
derived from Incomplete data, particularly the CMR extension 
and maintenance research costs, the celling diffusion I eve) 
of the new planting method, and the Impact of IPH research, 
so It is important to evaluate the effect that other 
plausible values have on the calculated IRR. Each of these 
factors has been Individually varied to test its effect on 
the model. The elements chosen for evaluation are the 
fol lowing: 
(1) The share of extension costs that are assigned to CMR 
(2) The level of reduction In pesticide use resulting from 
the IPM program 
(3) The aggregate adoption celling of the surco planting 
method 
(4) The per hectare impact on quasi-rent of the change in 
planting method 
(5) The inclusion of maintenance research costs 
(6) Future benefit flows 
The total value of wheat extension services,was 
estimated In Chapter 4. The appropriate share of this total 
amount to be born by the crop management research effort Is 
not clear. The base model assumed that half of this 
extension effort was directed at activities not related to 
CMR findings. The sensitivity of the model to the assumed 
extension burden was tested by allocating none and all of 
all wheat extension costs to crop management research 
(Figure 7.2). The model Is relatively sensitive to this 
change. This Is not surprising since these costs are large 
and begin early In the period under evaluation. The 
Internal rate of return increases by 8 percent from 23 to 31 
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Figure 7.2. Net benefit streams under alternative extension assumptions 
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percent when extension costs are completely removed. The 
IRR decreases by 5 percent to 18 percent when the full 
extension costs are assigned. 
The sensitivity of the model to the assumed level of 
reduction In insecticide use was tested. In addition to the 
base assumption of a 30 percent reduction, calculations were 
performed assuming 20 and 10 percent reductions (Figure 
7.3). Since the benefits from IPH accrue relatively late in 
the study period, the IRR Is quite insensitive to this 
benefit stream. The IRR falls by only 2 percent even under 
the assumption that research Induces only a 10 percent drop 
in pesticide use. 
Two aspects of the benefits accruing from the change in 
planting method were examined. The first aspect was the 
assumed eventual ceiling level of aggregate adoption. This 
celling will occur sometime In the future so could easily 
differ from the 60 percent base assumption. Diffusion 
curves were estimated using assumed ceiling adoption levels 
of 45 and 75 percent. Since changes in this parameter only 
affect benefits occurring after 1989, there was only a 2 
percent difference in the IRR under the 75 percent and 45 
percent ceilings (Figure 7.4). 
The second aspect of the surco planting method to be 
examined was the assumed per hectare net Income advantage of 
the Innovation. The yield function method gave an estimated 
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net gain of approximately 110,000 pesos per hectare. The 
partial budgets presented In Chapter 6 gave an estimated 
advantage of approximately 95,000 pesos per hectare. To 
place a lower limit on the advantage of the surco method. 
It was assumed that there Is no effect on weed control 
expenses, so that the only savings comes from the reduced 
seeding rate. These three values for the advantage of the 
new planting method result In IRR estimates ranging from 16 
to 25 percent (Figure 7.5). 
It is not unreasonable to think that some research may 
be needed to maintain the effectiveness of the new prac­
tices. This Is especially true for IPH, since pest resis­
tance and available chemicals can be expected to evolve. To 
test the affect that maintenance research costs have, an IRR 
was calculated assuming that CMR investments equal to 50 
percent of the average annual expenditure during the 1986 to 
1988 period would be needed for all future years (Figure 
7.6). The IRR is insensitive to this future cost stream, 
changing by less than one percent. 
The IRR was calculated using only the net benefit 
streams occurring in the years 1977-1989 to see what the 
realized return on investment up to 1989 has been. This 
resulted in an IRR of 10 percent. 
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Figure 7.5. Net benefit streams under alternative surco cost savings 
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Summary of sensitivity analysis results 
The sensitivity analysis resulted In Internal rate of 
return estimates ranging from 10 to 31 percent (Table 7.1). 
Under the most reasonable assumptions, the range was between 
16 and 26 percent. The two elements that the model was most 
sensitive to are the assumptions concerning the cost 
reduction attributable to the new planting method and to the 
appropriate assignment of extension costs. The assignment 
of maintenance research costs and the level of pesticide 
savings have only modest impacts on the model. 
Comparison of Results With Other Studies 
There have been numerous studies of other research 
programs. Ruttan (1982) summarized the findings of 36 
studies of the returns to research covering a wide range of 
commodities, countries, and time periods. Reported returns 
ranged from -48 percent to .130 percent, but the largest 
cluster of reported IRRs (25 of 63) were in the 20 to 40 
percent range. Because of the wide range of focuses, 
methodologies and settings of the other studies It Is 
difficult to draw any conclusion much more pointed than that 
the return to investment in crop management research and 
extension In the YaquI Valley compares favorably with that 
reported In other studies. 
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Table 7.1. Sensitivity of internal rate of return to model 
assumptions 
BASE MODEL: 23% 
-50% of extension costs 
-No maintenance research 
-60% celling diffusion 
-30% pesticide reduction 
-95,000/ha savings from surcos 
Alternate Assumptions 
100% of extension costs 18 
No extension costs 31 
20% reduction In insecticide use 22 
10% reduction In insecticide use 21 
Seed savings only from surcos 16 
$110.000/ha savings from surcos 25 
Maintenance research costs 23 
75% diffusion ceiling 24 
45% diffusion ceiling 22 
IRR up to 1989 10 
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CHAPTER 8. SUMMARY AND CONCLUSIONS 
Summary 
A substantial number of ex post evaluations of agricul­
tural research Investments are reported in the literature. 
These studies have focussed on estimating the return to (a) 
aggregate research investments, (b) investments in 
individual commodity programs, and (c) investments in the 
development of Improved plant varieties.' The contribution 
of such studies to agricultural research policy is that they 
provide the basic information which Is required for ex ante 
Investment evaluation, making possible more efficient 
resource allocation (Anderson and Pandey, 1985). Existing 
studies, therefore, have provided information that is useful 
In determining the total allocation of public resources to 
agricultural research, and for considering how to distribute 
research resources among commodities. The issues of 
allocation of resources between crop breeding and agronomic 
activities, and of allocation of resources within agronomic 
research programs is an important question for many research 
managers, yet little information has been provided by 
previous studies. The aim of this study was to provide a 
methodology for evaluating crop management research programs 
and to demonstrate the methodology with a case study of the 
Yaqui Valley of Mexico. 
•See Bengston (1985) and Ruttan (1982). 
189 
The analytical framework and empirical procedures for 
quantifying the benefits attributable to crop management 
research efforts were presented In Chapter Two. The 
calculation of changes In quasi-rent using cross-sectional 
cost of production data was proposed as a theoretically and 
empirically appealing framework. It was suggested that the 
analysis proceed by Identifying (a) new research recommen­
dations, (b) changes In producer practices, (c) causal links 
between (a) and (b). Empirical procedures for quantifying 
the changes In quasi-rent attributable to Individual 
practices were also discussed. 
The setting for the empirical analysis was briefly 
described In Chapter Three. Wheat production In the YaquI 
Valley was portrayed as exhibiting several of the character­
istics of post-Green Revolution agriculture. Producers have 
had more than two decades of experience with the use of 
modern Inputs, and average yields and Input levels are high 
by world standards. Agriculture In the valley also benefits 
from strong public and private service networks. Large 
Increases In average wheat yields were shown to have 
occurred between 1953 and 1988. The average annual Increase 
In yields, however, since 1978 Is less than half of that of 
the period before 1978. The Increase In the genetic 
potential of wheat cultlvars, as measured by experiment 
station yields, was shown to have been negligible since the 
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late 1960s. Average farm yields as a percent of experiment 
station yields Increased from 55 percent In the late 1970s 
to 70 percent In 1988. 
Expenditures on wheat research In the YaquI Valley were 
estimated using accounting Information and technical reports 
on scientific activity. The research budget during the 
study period was found to have been subject to large 
fluctuations. Crop management expenditures ranged between 
26 and 60 percent of total wheat research expenditures. The 
value of extension services was estimated using farm survey 
Information. 
The products of the ClANO's crop management research 
effort and changes In producers' practices were examined in 
Chapter Five. It was discovered that research generated 
substantially modified recommendations for four of ten wheat 
management practices. Of these four recommendations, three 
were found to have Induced farmers to modify their produc­
tion practices. The modified practices were a new planting 
method and the related reduction In seeding rate, and an 
integrated approach to Insect control. 
The quasi-rent generated by each of the new practices 
was estimated in Chapter Six. The change in planting method 
was estimated to Increase per hectare net Income by between 
95,000 and 116,000 pesos. Thirty-five percent of wheat area 
In the YaquI Valley was planted In surcos in 1989. Retro-
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spectWe questioning was used to collect data for the 
estimation of an aggregate adoption curve for surcos. 
Adoption was projected to Increase to 50 percent by 1992 and 
to 60 percent by the year 2000. The adoption of Integrated 
pest management by farmers was estimated to have caused a 
permanent 30 percent reduction In Insecticide use on wheat. 
Estimates of the Internal rate of return (IRR) to the 
crop management research Investment were presented In 
Chapter Seven. The estimates were derived under a range of 
assumptions about the benefit and cost streams. Under the 
most reasonable sets of assumptions, the IRR was estimated 
to fall between 16 and 26 percent. The model was most 
sensitive to assumptions concerning the cost reduction 
attributable to the new planting method and to the assign­
ment of extension costs. The assignment of maintenance 
research costs and the level of pesticide savings had only 
modest impacts on the model. 
Conc lus ions  
The principal objective of this study was to develop 
and test a methodology which could be used to evaluate the 
full range of activities of a CMR program. Once estab­
lished, such a methodology should prove useful for identifi­
cation of successful research areas within crop management 
research programs and for measuring the overall efficiency 
of CMR Investments. In this section I will first assess the 
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usefulness of the methodology itself. This will be followed 
by conclusions concerning resource allocation within the CMR 
program at CIANO and by conclusions on the relative 
efficiency of the CMR investment. 
Methodology 
The methodology which has been presented in this study 
was developed with application to the evaluation of CMR 
programs in developing country settings in mind. For any 
methodology to prove useful in such settings, consideration 
must be given to several factors, including: (a) data 
requirements must be reasonable, (b) if developing country 
scientists are to perform evaluations, simple analytical 
procedures are preferable, and (c) unambiguous answers must 
result from the analysis. A longer list of desirable 
characteristics could be compiled, but satisfaction of these 
three might be considered as basic to the success of the 
model. The methodology is composed of four steps -
identification of research products, identification of 
changes in practices, causality testing, and quantification 
of changes in quasi-rent. Each of these steps will be 
discussed below with attention being given to the above 
cons{derations. 
The first step of the framework is identification of 
products of the CMR effort. It was proposed that this step 
could rely on the review of published recommended practices. 
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In the Yaqui Valley a published record of the evolution of 
recommended practices was available directly from the 
research station. Extension agencies and agricultural banks 
are other potential sources of information, so obtaining the 
data required for the identification of research products 
will seldom provide an obstacle to the analysis. The 
procedure for identifying the changes in recommendations 
relies upon the Judgement of the analyst. A listing of 
significant changes in recommendations will generally not be 
difficult to compile, particularly for analysts who are 
familiar with the farming system of the area. Ambiguities 
may arise, however, on how to handle maintenance research 
efforts that do not produce new recommendations. 
Identification of changes in producer practices was 
accomplished through the analysis of farm survey data. For 
the Yaqui Valley a detailed baseline survey from 1981 was 
available for comparison with the data collected in 1989. 
Access to such baseline information is rare, so it will 
generally be necessary to seek other sources of information. 
Important information on several crop management practices 
was missing from the Yaqui Valley baseline survey, but was 
assembled from other sources. Retrospective questioning 
provided vital information on the adoption of the surco 
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planting method.% The rejection of the recommendation 
concerning soil testing was also verified through retrospec­
tive questioning. Subjective questioning provided useful 
Information concerning the acceptance of IPM. For changes 
In practices such as pest and disease control and land 
preparation, aggregate sales data for agricultural inputs 
could also be used to supplement other Information. The 
analysis of changes In discrete practices (such as planting 
method) can be accomplished using retrospective questioning 
or other Information sources, but for the analysis of 
practices represented by continuous variables, a baseline 
survey Is a necessary to conduct anything more than a 
qua I I tat Ive ana lysis. 
The statistical procedures which were used to examine 
changes In producer practices were analysis of variance, t-
tests for differences in means, and chl-square tests for 
changes in proportions. Such procedures should be access­
ible to nearly all scientists with training in either the 
physical or social sciences. Ambiguous results can emerge 
from the analysis of practices which are conditioned by 
weather conditions. In the YaquI Valley this limitation was 
evident in the analysis of planting date and insecticide 
use. No attempt was made to model the effect of weather on 
ZThe reliability of this Information was confirmed by 
comparing the aggregate adoption levels given In the retro­
spective survey with levels Implied by the previous surveys. 
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specific practices, but this could be a worthwhile exercise 
when adequate climatolog leal data exist. 
One of the major concerns at the outset of this study 
was for the potential for ambiguous answers to the question 
of causality between changes In research recommendations and 
farmer practices. This proved to be an issue for only one 
of the nine wheat management practices, however, and even in 
this case a determination was made once the responses to 
subjective questioning were analyzed. The use of subjective 
questioning of producers proved to be a useful technique for 
improving the understanding of the Influence of research on 
farmer behavior. The risk that enumerators will bias 
answers toward the desired responses exists, but this can be 
reduced through careful preparation of the survey instru­
ment. The inclusion of questions covering farmers' knowl­
edge about the new recommended practice can be helpful In 
determining the Influence of research findings. When 
questioning farmers on the adoption of IPH for example, one 
could ask them to name important predator insects, or to 
explain how they determine the threshold level of infesta­
tion. 
The final step of the analysis, the quantification of 
changes in quasi-rent is applied only to a subset of the 
crop management practices employed In the area. This is the 
most data intensive step of the framework, but even so, the 
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essential elements of the analysis are data on Input levels 
and prices taken from a representative sample of farmers. 
Response function estimation and partial budgeting are the 
two options that were used to generate the estimated Impacts 
In this study. Partial budgeting will be familiar to most 
developing country agronomists and many will also have some 
experience with response function estimation. Each of these 
techniques has a long history of use by agricultural 
economists and agronomists, so the potential for" ambiguous 
resuIts Is minimal. 
Overall I feel that the methodology can be useful in 
helping to fill an Important void in the empirical litera­
ture. Because of the many products and the nature of those 
products, the evaluation of crop management research 
programs Is more difficult than the evaluation of crop 
breeding research programs. Nonetheless, one of the major 
implications of this study is that monitoring and evaluating 
a program of crop management research Is within the means of 
scientists in national programs. The methodology which was 
presented relied on neither sophisticated analytical 
techniques nor on data which could not be generated with 
modest commitments of financial and human resources. In 
many situations, the data collection and analysis activities 
suggested by the evaluation framework could be accomplished 
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through the reassignment of scientific personnel and there 
will not be a need for contracting additional scientists 
with specialized skills. Economists who prefer more formal 
methods may be uncomfortable with the analysis resulting 
from this model. Yet the inherent subjectivity bias of the 
model is certainly no more than that of the other approaches 
to the evaluation of agricultural research that have been 
widely used by economists. 
The allocation of resources within CHR 
The results of the evaluation of the CIANO crop 
management research program showed that all of the benefits 
were generated by the diffusion of Just two innovations -
the surco planting method, and the IPM program, while seven 
management areas generated no benefits at all. The two 
Innovations which were successful provided large per hectare 
increases in net income for adopting farmers. Both Innova­
tions were also relatively complex technical changes in crop 
management, implying a significant probability that employ­
ment of the new technology may be unsuccessful. Nonethe­
less, the inducement provided by the high value of success­
ful adoption was greater than the inherent adoption risk for 
a significant number of farmers. 
CIANO scientists also performed research aimed at 
generating more precise recommendations for three practices 
that can be varied in continuous amounts - nitrogen and 
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phosphorus doses, and planting date. This research Is aimed 
at moving producers along the response curve and does not 
produce dramatic changes In net Income, but It has the 
advantage of producing recommendations that are easily 
Implemented by farmers. Research on these practices did not 
generate any change In quasi-rent. The modified recommenda­
tions which were Issued In these three areas were completely 
Ignored by producers. 
This failure of fertilizer response research to provide 
economic benefits lends empirical support to the analysis of 
Anderson and Dillon (1968). They argued that when much Is 
already known about fertilizer response the cost of further 
experimentation Is likely to exceed the benefits. Given 
that chemical fertilizers have been used in wheat production 
In the YaquI Valley for nearly three decades, the proba­
bility is low that further response research will uncover 
significant new knowledge. 
There are many areas of the world where farmers are 
observed to apply sub-optimal levels of fertilizers. In 
most cases this does not serve as an argument for committing 
large amounts of resources to response experimentation.3 
For most areas, sufficient Information on fertilizer 
^There remain areas of the world, including large parts 
of Africa, where research is still required to fill existing 
gaps in the understanding of soil fertility problems 
(Sanders, 1988). 
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response exists such that education and extension efforts 
would probably be much more effective that research in 
assisting farmers in most situations. 
The implication of the low expected return to response 
analysis is that research resources should be redirected 
away from such experimentation toward more Innovative 
research, with higher expected payoffs. In the Yaqui 
Valley, the development of the innovations which were 
adopted required more sophisticated research than would be 
required for developing more precise response information. 
Significantly, the leaders of both the surco and IPM 
projects have Ph.D. degrees. One might conclude that in 
post-Green Revolution settings, traditional research 
programs now face low expected returns, but that gains will 
be high to more Innovative research. This further implies 
that returns to Investments in the education of agronomic 
program scientists will be high. Scientists with B.S. or 
M.S. degrees may be capable of carrying out routine response 
experiment projects, but it seems likely that the challenge 
of identifying important opportunities for assisting farmers 
to reduce production costs requires scientists with advanced 
training. 
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The allocation of resources between 
CHR and genetic research 
This study has attempted to fill a significant breach 
In existing empirical literature on technical change in 
agriculture. One of the main products has been an estimate 
of the economic surplus generated by the wheat crop manage­
ment research program In the Yaqui Valley. The estimated 
return on the CHR investment was over 20 percent. Whether 
or not this represents an efficient use of public resources 
depends on the rate of return to alternative investments. 
This suggests an important area for future investigation. 
Previous studies have generally found that returns to 
crop breeding research investments are high (Grillches, 
1958; Akino and HayamI, 1975; Nagy 1984; Ardlto Barletta 
1971; Zentner, 1985; Ayer and Schuh, 1972; Hertford, Ardlla, 
Rocha, and Trujillo, 1977). None of the previous studies 
has incorporated the value of maintenance breeding 
activities in their calculations, and none were conducted in 
a post-Green Revolution environment. It would therefore be 
valuable to attempt to estimate the total change in quasi-
rent Induced by crop breeding efforts, including maintenance 
breeding research, for the Yaqui Valley. This would provide 
a relevant reference for considering the efficiency of the 
crop management research investments. Calculation of the 
returns to the crop breeding effort should be feasible 
without major supplements to the data which were collected 
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for this study, although the methodology for Including the 
returns to maintenance research Is not well established. 
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